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ABSTRACT 


A data analysis is conducted on approximately 3900 underway replenishments in the 
Pacific Fleet between January 1984 and June 1985. The data was reported in accordance 
with COMNAVSURFPACINST 3180.2E. There are four results obtained in the study. 
The first result is that refueling transfer rates in NWP-14C, Replenishment at Sea com- 
pare favorably with the observed data for average value events. Secondly for single 
station conventional replenishment (CONREP) of ammuntion and stores, short tons per 
hour as a transfer rate measure (the transfer rate in NWP-14C) is not a significant pre- 
dictor of the required transfer time. Therefore the study recommends measuring con- 
ventional replenishment transfer rates in minutes per lift. Third a simple linear 
regression model is proposed to describe single station refueling and CONREP transfer 
rates. And finally a logarithmic multiple regression model 1s proposed to describe the 
total time required for an underway replenishment, for situations in which several com- 


modities are transferred. 
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ABBREVIATIONS AND VARIABLE NAMES 
AE--Ammunition Ship 
AFS--Combat Fleet Stores Ship 
ALIFT--Observed Number of CONREP Ammunition Lifts 
AMO--Ammunition Transferred Durning CONREP 
AO--AO-177 Class Fleet Oiler 
AOE--AOE-1 Sacramento Class Multiproduct Ammunition/Oiler 
AOR--AOR-1! Wichita Class Fleet Ouler 
ATIME--Observed CONREP Ammunition Transfer Time 
AXB--Combination of AO. AOE, AOR, and TAO Data 
AXL--Combination of AE and AFS Data 
BB--lowa Class Battleship 
CG--Conventional or Nuclear Cruisers Excluding CG-47 Class 
CINC--Commander in Chief 
CLF--Combat Logistics Force Ships 
COMNAVSURFPAC--Commander Naval Surface Forces Pacific Fleet 
CONREP--Conventional Replenishment (Stores and/or Ammunition) 
CSTA#--Number of CONREP Stations Used Per UNREP 
CTIME--Observed CONREP Transfer Time (Either Ammunition or Stores) 
CV--Conventional or Nuclear Air Craft Carrier 
DANT--Day = I, Night = 0 
DD--Spruance Class Destrover and Kidd Class Guided Missile Destroyer 
DDG--Adams Class Guided Missile Destroyer 
DFM--Quantity of Diese] Fuel Marine in Barrels or Mbbl 
FAS--Refueling at Sea and Variable to Control for Refueling During CONREP 
FF--Frigates FF-1037 and Above 
FFG--Guided Missile Frigates FFG-1 and Above 
FSTA#--Number of Fueling Stations Used Per UNREP 
FUEL--Either DFM or JP5 Depending on Usage 


JPS--Quantity of JP5 Transferred Per Hose in Barrels 


ier l--Observed Number of CONREP or VERTREP Transfer Lifts 
Mbbl--1000 barrels (42.000 gallons) 

MULT--Multiple UNREP = 1. Single UNREP = 0 

NSWSES--Naval Ships Weapons Systems Engineering Station, Port Hueneme, CA 
NWP--Naval Warfare Publication 

OPLAN--Operational Plan as Defined in NWP-I1E 

PTIME--Observed Fuel Pumping Time 

SLIFT--Observed Number of CONREP Stores Lifts 

STAT--(Sea State > 3) = 1, (Sea State < 3) = 0 

STIME--Observed CONREP Stores transfer time 

STO--Stores Transferred During CONREP 

STREAM--Standard Tensioned Replenishment Alongside Method 
TAO--TAO-105 and TAQO-143 Class Fleet Oilers (USNS) 

TTIME--Total time of the UNREP from Approach to Breakaway 
LUNREP--Underway Replenishment; Refueling, CONREP, or VERTREP 


VERTREP--Vertical Replenishment (Stores, Ammunition, Personnel) 





I. OPERATIONAL LOGISTICS AND UNDERWAY REPLENISHMENT 


A. USING AVAILABLE DATA TO IMPROVE UNREP MODELS 

This research is an analysis of Pacific Fleet Underway Replenishment (UNREP) 
data from January 1984 through June 1985 to provide an input to replenishment models 
and existing wargames. The study provides a comparison of observed replenishment 
data to the published rates in NWP-14C (Naval Warfare Publication-14C Replenishment 
at Sea), which is doctrine for conducting the alongside portion of underway replenish- 
ment. The publication provides a planning estimate for replenishment rates and some 
description of possible external factors which can affect transfer rates. The data for this 
analysis was reported in Commander Naval Surface Force Pacific Fleet 
(COMNAVSURFPAC) Report 3180- | and in accordance with 
COMNAVSURFPACINST 3180.2E (Pacific Fleet Replenishment Guide). Records kept 
at the Naval Ships Weapons Svstems Engineering Station (NSWSES), Port Hueneme, 
CA indicate the data was reported for more than twenty vears, but the reporting re- 
quirement was cancelled in December 1987. Analvsis of the reported data was con- 
ducted monthly but restricted to monthly summaries and vearly cumulative averages. 
The variabilitv and observed external effects in the data which were not considered in the 
monthly reports will be studied in some detail over an eighteen month period of oper- 
ations to support the original goal of collecting the data. Specifically, CNSPINST 
3180.2E states: “The purpose of the Fleet Underway Replenishment Evaluation Svstem 
1s to provide statistical information for planning and to foster improvement in replen- 
ishment operations” [Ref 1: Part III para 3.1]. The following advice given during World 
War II describes the importance of using available data to understand operational 


problems. 


When embarking on a new problem of operational research, the first step is usually 
to collect as much numerical data about the operation as possible. But many data 
may remain unavailable, either because no records exist or because their collection is 
impracticable. Thus, a very incomplete numerical picture, in the form, perhaps of ta- 
bles or curves representing some results of the operations as a function of some few 
variables is all that can usually be obtained. 


The first step alone maybe of the greatest importance and lead to practical conclusions 
of great value. For suitable presentation of the actual facts of past operations, with- 
out any interpretation, may be so striking as alone to compel reconsideration of tactics 
and methods. 


But to go further. it is clearly necessary to relate these observed results to the actual 
tactics emploved. In other words, the object is to find a scientific explanation of the 
facts. Onlv when this is done can the two main objects of operational research be at- 
tained. These are the prediction of the effects of new weapons and tactics. [Ref. 2: 


p. 25] 
Earlier in Chapter | of Professor Waddington’s history of the Operational Research 
Section in World War IJ, he quotes Professor Blackett in a 1941 report on the goals of 


the Operations Research Section for the Royal Air Force. 
Value of Scientific Confidence and Numerical Thinking 


The scientist in considering an operational problem very often comes to the conclusion 
that the common sense view 1s the correct one. But he can often back the view bv 
numerical proof and this gives added confidence in the tactics employed....In fact the 
scientist can encourage numerical thinking on operational matters and so can help to 
avoid running the war by gusts of emotion. [Ref 2: p. 7] 
B. CONCEPTS IN UNDERWAY REPLENISHMENT 
1. Fleetwide and Battle Group Logistics Planning 

Operational Logistics provides the planning necessarv to maintain the readiness 
of battle group forces. Underway replenishment is one of the methods used in opera- 
tional logistics to support operating forces. At the theatre and fleet level, the Opera- 
tional Plan (OPLAN) from NWP-lIIE (Naval Warfare Publication IIE Naval 
Operational Planning) assigns responsibilities for specific levels of command to support 
the operational logistic requirements of notional forces. The Logistics Annex described 
in Chapter 12 of NWP-IIE predicts requirements to support the operating forces. Ad- 
equate material (POL;Ammunition Stores) must be available to support required oper- 
ations or the mission must be changed. If, however, too much or incorrect resupply 
material 1s forwarded to the battle group, the station ship may not be able to store excess 
material, and thereby reduce battle group resupply efficiency. 

A battle group commander is assigned the logistics responsibility for his fighting 
forces and each unit commander is delegated the responsibility for his unit. From 
NWP-IIE [Ref. 3: para 4.2.3] and OPNAV Instruction 4000.85 (Navy Logistics 
System,) [Ref. 4: encl 1, p.6] there is a level of uncertainty in planning for logisitic sup- 
port between Fleet CINC planning and the Battle Group Commander. Planners for 
battle group operations at unified and numbered fleet commands use notional planning 
factors to estimate the force requirements. The Battle Group Commander and his unit 
commanders develop resupply requirements on actual usage data. This process presents 


problems in different requirements generated by “push” systems of the numbered fleet 


commander and “pull” requirements of the unit commander. “Push and pull” describe 
the difference in requirements between fleet planners, who predict battle group require- 
ments and “push” supplies to fill predicted usage and the battle group planner trving to 
“pull” essential and often limited supplies to meet specific and possibly unpredictable 
requirements [Ref. 5: p. 701]. The Combat Logisitics Force (CLF) ships in the shuttle 
and station ship assignments operate as warehouses adjusting continuously to balance 
this “push and pull” effect. 
2. The Evolution of UNREP 

Prior to World War II, underway replenishment systems were designed for spe- 
cific deliverv and receiving ships. Often the transfer rigs were simple modifications to 
the cargo booms and rigging of merchant vessels. Transfer of the deck plate knowledge 
and experience was not universal and many lessons had to be relearned over the past 80 
vears of UNREP. At the conclusion of World War II, the U. S. Navy had developed a 
significant capability to replenish fuel and ammunition at sea. Task Force 58 main- 
tained a moving supplv train in the North Pacific to support the naval assault on Japan. 
Following the war, the requirement for underway replenishment disappeared as did 
much of the experience and technology developed during the war. In the early 1950's, 
the Navy again needed underway replenishment to support Korean operations. The 
World War II and Korean War underway replenishment experience was primarily from 
single product ships. In 1954 successful fleet operational tests of a multiproduct transfer 
ship (a war prize taken from the Germans) were completed [Ref. 6: pp. 4-6]. Following 
these tests, the concept for the AOE (multi-product ammunition and oiler replenishment 
ship) was defined in 1954 [Ref. 7: pp. 13-17]. About the same time, tests were being 
conducted for Vertica! Replenishment at Sea [Ref. 8: p. 52]. 

A careful evolution of underway replenishment systems, standardized equipment 
with proven reliability, give today’s Combat Logisitics Force versatilitv to meet a wide 
variety of transfer and shuttle ship requirements. Transfer equipment is modularized for 
installation on merchant vessels to augment Combat Logisitic Forces (Ref. 6: p. 25). 
For example equipment to transfer material at sea in today’s fleet is capable of trans- 
ferring a pallet of eggs, then on the next lift a “six-pack” of MK82 5001b bombs. 

3. Three Types of UNREP 

There are three types of underway transfer systems: Fueling at Sea (FAS), 

Conventional Replenishment (CONREP), and Vertical Replenishment (VERTREP). 


The process of transferring fuel has been the mainstay of UNREP since World War II. 


Much of the technology developed in World War II was the result of work conducted 
as early as 1898 to resupplv battle ships from merchant colliers [Ref. 6: p 2]. Today's 
transfer svstems relv on the vears of practical experience since World War II. Liquid 
transfer is predominately fuel for ship's main engines (DFM) and aircraft fuel (JP5). 
The physical process of supporting a hose between two ships is limited by the height of 
the hose above the water line, the separation of the two ships, the ability of the sup- 
porting stucture to compensate for relative ship movement, the ability to establish a fluid 
tight path, and the capability to control pumping fuel. In 1974, Commander Naval Ship 
Systems Engineering Station, Philadelphia, PA sponsored a studv to create a computer 
program to simulate the underway replenishment-at-sea fueling rig system [Ref. 9: 
Abstract]. 

The second principle method of transfer, Conventional Replenishment, transfers 
dry cargo between ships (mail, personnel, repair parts, food, and for war time operations 
possibly the most important ammunition). Through World War II and the Korean 
Conflict. ammunition transferred at sea was often accomplished using converted mer- 
chant ships [Ref. 6: p. 5]. Since the mid 1950's, design of the transfer equipment and 
material handling on the deliverv ship has been given the highest priority. In 1964, the 
Office of Naval Research directed a studv to simulate the movement of drv cargo be- 
tween ships engaged in replenishment at sea [Ref. 10: Abstract]. Equivalent effort to 
improve cargo handling on the receiving ship is not always included in combatant ship 
design. For instance, today’s Vertical Launch Systems use manpower intensive methods 
to resupply missiles at sea on the receiving ship resulting in slow transfer rates [Ref. 
11]. 

Cargo is transferred between ships using STREAM (Standard Tensioned Re- 
plenishment Alongside Method) equipment This system uses a trolley on a tensioned 
highline between ships to support cargo transfers. The highline maintains a constant 
tension using a high pressure air cushioned ram to allow pay in and out of the highline 
through a block on the ram and an anti-slack device to compensate for ship movement. 
The trolley is then pulled between the ships with inhaul and outhaul winches on the de- 
livery ship. Engineering advances over the past thirty years in material handling and 
stowage make the process of underway replenishment considerably less dangerous and 
more reliable. (Ref. 6: p. 12] 

The third method of transferring cargo between ships underway is called vertical 


replenishment (VERTREP), which uses helicopters to lift cargo between ships. This 


process eliminates direct connections between two ships and instead uses the precise 
control of the H-46 helo to lift and move cargo. Today VERTREP is another of the 
important intra battle group operational logisitics tools available to the battle group 
commander. 
4. CLF Employment in Peacetime and During Warfighting 

Because fuel, spare parts, food, and general stores are consumed when ships are 
underway in peacetime and at war, it is often considered the mission of CLF will be little 
different in the event of hostile action. The same personnel and equipment will be 
moving much needed fuel and ammunition. There are unanswered questions involving 
the employment CLF ship’s in the event of hostilities. For high speed transit onlv the 
AOE is designed to keep pace with a battle group. For extended operations in a desig- 
nated area removed from a support base the support ships may spend more time in a 
shuttle role than on station with the battle group. The period of time logisitic support 
ships are not directly protected by the battle group may require protection not normally 
assigned in peace time operations. At the heart of the logistics problem, the rigs between 
Ships and the men to operate the rigs will be the same in peacetime and in war. During 
the initial hostilities and war fighting, the ability to move material will depend on the 


expertise demonstrated in dav-to-day peacetime operations.! 


C. THE PROCESS OF UNDERWAY REPLENISHMENT 
1. UNREP Step by Step 

NWP-I4C provides a step by step procedure to safely conduct transfer oper- 
ations. This document is updated bv senior enlisted personnel knowledgeable in 
Underway Replenishment, who recommend changes to COMNAVSURFPAC for ap- 
proval by OP-375 (Assistant Chief of Naval Operations (Surface Warfare) Combat Lo- 
gistics Force Branch). The process of passing the fueling rigs, or cargo rigs is precisely 
defined with safety requirements and “best ways” to conduct an UNREP. Likewise 
VERTREP procedures are defined in NWP-14C Chapter Nine. Once the rigs are in 
place or the VERTREP is ready, the control of moving material often transfers to the 
department responsible for the cargo. Engineering department personnel control the 
pumping of fuel, gunner’s mates transfer the bullets the supply department handles re- 


pair parts, sodas and food, but only the Postal Clerk can receive mail. The doctrine of 


1 The historical background presented here is heavily dependent on the research of Mr. Marvin 
Miller and Mr. John Hammet at NSWSES, Port Hueneme, CA. 


{ 


moving material between ships is established, however the procedures to contro] the 
material moved is not necessarilv a uniform process throughout the fleet. 
2. Refueling and Conventional Replenishment 

Underway replenishment can generally be divided into a beginning, middle and 
end. The beginning of fueling and conventional replenishments are much the same. The 
delivery and receiving ships maneuver into position and prepare to “come alongside.” 
The receiving ship starts the approach from about 300 yards astern of the delivery ship 
and advances into position 100-150 feet off the beam of the delivery ship. Once along- 
side, a shot line is fired from the delivery ship to the receiving ship. When the shot line 
is in hand on both ships, the high line, inhaul and outhaul lines, attaching gear and 
“phone and distance line” (a nylon line with sound powered wires interweaved) are 
manuallv pulled between the ships. When the highline is attached and readv to be ten- 
sioned and either the fueling mg 1s seated and ready to pump fuel or the cargo nig 1s 
tensioned, tested and readv to transfer cargo, the beginning of the UNREP 1s complete. 

For refueling, the middle of an UNREP 1s a continuous process. Engineering 
department personnel on each ship communicate to control the starting, stopping and 
operating pressure of the fuel transfer pumps. Personnel on deck, at the transfer station, 
maintain the safety of the rig, monitor the UNREP gear and stand ready to disconnect 
the rig in the event of an emergency. Engineering personnel, during a fueling. are sta- 
tioned at control valves, tank sounding stations and in a central area to control the safe 
transfer of fuel. When all tanks on the receiving ship are full, the pumping stops and 
control of the ship refueling returns to the transfer station. 

For conventional replenishment the middle of the UNREP is a series of discrete 
events. Each lift must be moved to the transfer station on the delivery ship and then 
moved away from the transfer station on the receiving ship before the next lift can be 
transferred. Material transferred may be cannisters of missiles, cargo slings of stores, 
pallets of projectiles or powders, coaling bags of repair parts or perhaps a boatswain’s 
chair for personnel transfer. Virtually anything that can be attached to the transfer 
trolley can be transferred at sea. The current limitation is in the neighborhood of 
8,000-10,000 pounds. [Ref. 12: p. 4-66]. Aircraft engines weigh about 8,000 pounds and 
aircraft carrier arresting gear cables weigh about 9,000 pounds. During CONREP, ma- 
terial handling can become the time critical factor in transferring cargo. The problem 
of cargo handling on the combatants is a known problem, receiving considerable atten- 
tion by engineering personnel at the NSWSES UNREP Group [Ref. 13]. Additionally 


an effort is being made to improve handling procedures to rearm Vertical Launch Svs- 
tems. From an analvtical perspective, several studies were conducted in the mid 1960's 
and early 1970’s to create computer models of specific aspects of underway replenish- 
ment. One of the models was the subject of an Operations Research Master’s Thesis 
at the Naval Postgraduate School in 1969 by John W. Hilt LCDR USN. His thesis de- 
veloped a three server queuing model in an attempt to model intra ship cargo handling 
procedures [Ref. 14: Abstract]. For the delivery ship, the correct material must be staged 
at the transfer station. For the receiving ship, either material handling equipment or 
plenty of manpower is required to move cargo away from what is generally a verv small 
deck area around the transfer station. Today's STREAM gear is capable of moving se- 
veral tons of cargo per lift. Once the cargo rig 1s in place and ready, the transfer is a 
rapid process. Speed limitations are primarily safety and material handling capabilities 
on each ship. 

The end of the UNREP 1s a sequence of steps to safely disconnect the transfer 
rig and return the ng, and transfer lines to the deliverv ship. Once all lines are clear, the 
receiving ship speeds up and “breaks away” to return to station. 

3. Vertical Replenishment 

VERTREP can also be separated into a beginning, middle and ending, but se- 
veral ships may be receiving helo services simultaneously. On the delivery ship, getting 
an H-46 helo ready to fly 1s controlled by the Air Detachment on the ship. For the 
purpose of studving Vertical Replenishment. no measured time is available in the 
COMNAVSURFPAC data to describe the beginning and end of the VERTREP. Crit- 
ical steps in preparation for VERTREP include staging material for transfer, adequate 
ship to ship communication and a pre-planned schedule of transfer. As with CONREP, 
once the delivery and receiving ships are prepared, VERTREP becomes an versatile tool 
to support battle group supplv readiness. When the VERTREP is complete there is no 
break away requirement and the delivery and receiving ships end the VERTREP sepa- 
rately. Procedures for VERTREP are defined in NWP-I4C Chapter Nine. 


D. BATTLE GROUP MODELS 
The results of this analysis may be suitable for use in some of the current battle 


group war games and simulation models. Five of the current models are discussed. 
I. Enhanced Naval War Gaming Svstem ENWGS 
2. Research Evaluation Systems Analysis RESA 
3. Battle Force Operational Readiness Model BFORM 


4. Naval Postgraduate School Planning Model PROLOG 
5. Replenishment at Sea Model RASM 


The Enhanced Naval War Gaming Svstem models underwav replenishment as a logical 
process. As the game 1s plaved. fuel, ammunition, and stores are decremented and then, 
when scheduled, an UNREP event occurs as a logical {0,1] event. That is, the replen- 
ishment occurs instantaneously to a specified level of capacity. If required, ENWGS can 
support detailed modeling of UNREP sequences [Ref. 15]. 

RESA (another large computer war game model), does not have a specific capability 
to model underway replenishment, according to the scenario analyst at the Naval Post- 
graduate School [Ref. 16]. In RESA. extensive modeling is done to provide reasonable 
aviation fuel demand and ammunition consumption, but most scenarios in the game 
model onlv short periods of time and the likelihood an UNREP would be required is 
quite small. 

The Johns Hopkins University Applied Physics Lab has developed the Bartle Force 
Operation Replenishment Model (BFORM) This model is under development for 
OP-814. The model is a simulation which allows the user to input battle group forces 
(air and surface) with consumption rates for fuel, ammunition and stores. BFORM then 
simulates required replenishment requirements to sustain given levels of performance 
over an extended period of time (about two weeks). The model conducts UNREPs as 
necessary to maintain fuel percentage and ammunition levels at some defined percent- 
age. During the simulation BFOR.VM compiles records of replenishment data to generate 
a summary report [Ref. 17: p. 3-15]. The simulation is designed to allow interactive in- 
put of demand and transfer rates. For test purposes, the model uses average fuel transfer 
rates from NWP-14C, demand rates as given in NWP-11-1 Surface Ship Characteristics 
and ammunition transfer rates used by Commander Service Group Two [Ref. 18]. 

PROLOG is a user interactive computer wargame developed at the Naval Post- 
graduate School. This war game is specifically designed to model operational logistics 
requirements of an aircraft carrier battle group. PROLOG models the replenishment 
requirements for ammuniton, fuel and Carrier Onboard Delivery (COD) during a three 
to four week power projection strike. The battle group operates over 1000 miles from 
the support base, making battle group resupply at sea essential (Ref. 19: p. 6]. Transfer 
rates in PROLOG are taken from NWP-14C. Some of the variables modeled in the 


process of underway replenishment are: 


‘The approach and breakaway between the delivery and receiving ship. 
Firing of the shot line 

Transfer of ngging gear 

Seating of the fuel probe 

Possible failure of the rig during the UNREP 

Taking fuel samples during the refueling 

Tightlining of the highline 


Allowing ships along side port and starboard simultaneously 


The Center for Naval Analyses developed The Replenishment at Sea Model (RASM) 
in 1986. As described ir the cover letter, 
The Replenishment at Sea Model permits rapid evaluation of the distribution of fuel, 
ordnance. and supplies bv a combination of MLSF ships operating within a moving 
Or stationary battle force. The user controls battle force components, formations 
and activity and MLSF forces, speeds, products and mode of operation through a 
comprehensive input. [Ref. 20: Appendix B p. 12] 
Some of the underway replenishment variables in the model include: 
DFM.RATE, DFM transfer rate in barrels per hour (7044 bbl hr) 
JPS.RATE, JP5 transfer rate in barrels per hour (7044 bbl’hr) 
MISSILE.RATE, Missile transfer rate in missiles per hour (6 hour) 
ORD.RATE, Palletized Ordnance transfer rate in tons per hour (156 tons hr) 


STO.RATE, Palletized Stores transfer rate in tons per hour (240 tons‘hr) 


These rates are in an auxiliarv file of the program and are user input prior to running 
the model. The rates in parentheses are the default values in the program. No docu- 


mention to reference the source of the rates is given. 


E. WHEN IS DETAILED MODELING REQUIRED? 

Having discussed some of the current models capable of describing battle group re- 
plenishment, when would it seem reasonable to model the specifics of underway replen- 
ishment? The model should increment time in something less than one hour intervals. 
Longer time increments will completely encompass most UNREPs and in those cases a 
simple [0,1] decision would be sufficient. For instance if the game increments in three 
to six hour time periods, all the variables in UNREP would be masked since very few 
events exceed two or three hours even for carrier UNREPs. If however, the battle group 
model only describes short intervals of time (12 to 24 hours), probably the interest of the 


study is in battle group tactics. For virtually anv tactical situation, UNREP will be 
scheduled “some other time” and the CLF ship will simply become another ship in the 
battle group. UNREP transfer rate models may be useful when the complete wargame 
model or simulation uses small increment time steps (one minute to fifteen minute time 
steps) and models a significant period of time (seven davs or more). For simulations 
greater than five to seven davs, the battle group will require some form of resupply, be 
it from shore facilities or organic CLF ships. 

The importance of battle group resupply should not be understated, but a very small 
percentage of the battle group operating time 1s spent conducting underway replenish- 
ment. Lt. Steve Barnaby, a student at the Naval Postgraduate School, using the 
BFORMM model has shown resupply of battle group ships requires the combatant ship 
to be off station less than five percent of the total operating time to maintain adequate 
onboard fuel percentages [Ref. 21]. Small combatants require less than two percent of 
their operating time to refuel and the aircraft carrier requires little more than three per- 
cent. If onlv single ship UNREPs are allowed during battle group operations, the 
scheduling problem may be insignificant in overall battle group planning. However, a 
substantial block of time may be required to schedule one UNREP time period for an 
entire battle group. (Jt will be shown in the analysis that the time required for an 
UNREP is not svmmetricallv distributed around the average predicted time, which can 


perturb the scheduling problem.) 


II. DESCRIPTION OF THE PACIFIC FLEET DATA BASE AND 
NW P-14C 


A. DATA ANALYSIS 

The data analvsis of Pacific Fleet underwav replenishments proceeds in three parts. 
First, a test is conducted to determine if the hypotheses that the transfer rates of cargo 
from ship to ship equal the rates published in NWP-I4C. The rates published in 
NWP-14C are used throughout the Navy for battle group planning. Comparing the 
observed data with the predicted rates will give some confidence that the published rates 
predict the average times for underway replenishment. 

Second, simple linear and multiple regression models are created to predict average 
single station transfer times given the quantity of material to transfer. External factors 
are added as possible conditioning variables to help improve the estimate of required 
transfer times. The quantity of material transferred 1s defined as the independent vari- 
able and the required transfer time is the dependent variable. Most often the battle 
group logistics planner will know how much fuel, ammunition or stores need to be 
transferred and will need to predict the time required for the transfer. Models are cre- 
ated for different classes of receiving ships such as aircraft carriers, cruisers and de- 
Strovers. For wargaming analysis or simulation, the single station models could be used 
to create a complete UNREP bv adding more than one station to an event plus the 
added time estimated for the beginning and ending of the event. The purpose of the 
multiple regression model 1s to determine how environmental factors, such as deliverv 
ship type, day or night events, multiple or single ship events, and sea state affect the 
transfer times. 

The third part of the analysis creates models to describe the total amount of ume 
required for an underway replenishment given several simultaneous transfer requtre- 
ments. For instance, an aircraft carrier may require 12,000 barrels of DFM, 10,000 
barrels of JP5, 100 lifts of ammunition and 50 lifts of stores. If these requirements are 
scheduled for the same UNREP, the total time will be at least as long as the longest 
single station event. The regression models attempt to predict the total time required 
using anv or all of the transfer requirements. At this level of aggregation, the predictive 


ability of the model is limited by the large standard deviation in the observed data which 


1] 


cannot be explained by observed external factors. However some insight of time con- 


trolling factors mav be gained. 


B. THE DATA BASE 

A description of the reporting requirements and type of information collected from 
underway replenishments in the Pacific Fleet highlight strengths and weaknesses of the 
data. Information in each transfer station report included the delivery ship, receiving 
ship, date of transfer, total alongside time, sea state, day or night, rig and unrig times, 
quantity of fuel transferred, pumping time at each pumping station, number of stations 
used, delay time, and if the event involved more than one ship alongside simultaneously. 
For CONREP the report also required total short tons of ammunition or stores trans- 
ferred, the number of lifts required, total time of the CONREP and number of stations 
engaged. Each VERTREP was reported with the number of short tons of ammunition 
or stores, the number of lifts, the distance between the ships during transfer, the total 
time of the VERTREP and the number of helos used. 

Reporting the UNREP data was the responsibility of the delivery ship. Separate 
data were collected for each transfer rig used. The transfer reports were forwarded to 
COMNAVSURFPAC for monthly consolidation, then forwarded for automatic data 
processing. Monthly summaries reported delivery ship UNREPs and receiving ship class 
performance. The reports were distributed to the following commands: Commanding 
Officer Military Sealift Command, Commanding Officer Militarv Sealift Command, 
Pacific Fleet. Commander Service Group One, Commanding Officer Naval Ships 
Weapons Systems Engineering Station, Port Hueneme, CA, and Commander Naval 
Surface Forces Group Western Pacific. 

Some subjective factors in the data should be noted. Part of the output from the 
collected data was the “Evaluation Summary,” which was by definition a critical sum- 


mary. Specifically the instruction states: 


While the intent of the summary is constructive, it is essentially critical in nature. 
Except in rare cases, no remarks are included about the many replenishments which 
are well conducted. The purpose of noting the errors, oversights and mistakes made 
by others 1s to avoid their recurrence and to provide information on proper under- 
way replenishment procedures [Ref. 1: para 3.4]. 
The fact that the reported data was used as a critical tool, possibly reduced the objec- 
tivity of the reported information. The monthly reports of underway replenishment were 
collected without the benefit of feedback to the fleet. Distribution of the data was not 


directed to the shipboard personnel who collected the data so there was only limited 
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fleetwide knowledge of the content of the reports. The primary feedback to the fleet 
reporting units were the critical reports of operational errors while ships were alongside. 

Another source of error was data entry into the computer data base and error 
checking of the generated reports. Reported data for refueling was especially prone to 
error. Many of the data points for quantity of fuel delivered exceed the fuel storage 
capacity of the receiving ship. Additional data entry error is introduced since this anal- 
ysis 1s conducted from paper copies of the data requiring manual input to a data base 
prior to analvsis. To conduct a consistent screening of the data several simple rules were 
set down to accept or reject observed data prior to analysis. These rules are listed in 
Appendix A along with tables listing the samples sizes for receiving ship classes and the 
percentage of data deleted. 

Information external to the data base was located to investigate possible effects of 
operating environment on the observed data. Operating schedules for 1984 and 1985 
Were obtained from: Commander Service Group One in an effort to determine if transfer 
rates during deplovments.fleet exercises or training Were significantly different. The only 
model attempted using the operating schedules compared the transfer rates of two simi- 
lar TAQ-143 class oilers to Spruance class destrovers. One oiler was operating near San 
Diego, CA and the other operated in the Indian Ocean. The results did not indicate a 
significant difference in transfer rate but the standard error term of the regression model 
was considerably larger for the Indian Ocean operations. Certainly a great deal of in- 
formation is available to compare LNREP data to the operating schedules, however 
there was insufficient time to pursue this analysis and the UNREP data was not com- 


plete for many of the exercises preventing adequate analvsis of fleet exercises. 


C. NWP-14C TRANSFER RATES 

NWP-14C is doctrine for Underway Replenishment. The transfer rates listed in the 
current revision published in 1985 are unchanged from the original publication in 1977. 
Figure 1 is the matrix of transfer rates considered in this report. In 1977 only nine 
DD-963 Spruance class destrovers had been commissioned. Five were commissioned 
prior to 1977 and four were commissioned in 1977 [Ref. 22: p. 746]. Neither the FFG-7 
Oliver Hazard Perry class guided missile frigates nor the CG-47 Ticonderoga class 
cruisers were in the fleet in 1977. Also since the onginal publication the BB-61 Iowa 
class battleships have been decommissioned and recommissioned. Even though the 
types of ships in the fleet have changed considerably in the past eleven years, the pub- 


lished rates on practical grounds appear to be reasonable. If the published values were 


13 


grosslv incorrect battlegroup planners, OPNAYV sponsors or wargaming modelers would 
have searched for a better alternate source. To date, no agency has seen a requirement 
to improve the NWP-I4C rates. In fact it will be shown that for average transfers under 
average conditions, the doctrinal rates for refueling are quite good. 

There was no formal analysis conducted to establish the rates published in 
NWP-14C. Using common sense fleet experience, an estimate of equipment operating 
characteristics and expert judgment, the rates in NWP-14C were set to provide a con- 
servative estimate of intership transfer capability [Ref. 11]. The estimated transfer rates 
in NWP-14C are given in four classes, liquid fuel (F76 and F44 are the NATO equiv- 
alents for what in this study are referred to as DFM and JP5 respectively), palletized 
ordnance, missiles and boosters in dollies, and stores and provisions. The transfer rate 
for fuel is reported in barrels per hour (one barrel equals 42 gallons). Palletized ord- 
nance, stores and provisions transfers are listed in short tons per hour. When the rates 
were established, short tons per hour was a reasonable unit of measure for cargo. The 
transfer of cargo between ships was most often constrained by the weight of the pallet. 
Additionally battlegroup planners estimate requirements in short tons rather than in 
pallets or unit loads [Ref. 11]. Mussiles transfers are listed in loads per hour. VERTREP 
transfers rates are listed in short tons per hour to be consistent with CONREP. 
VERTREP its separated into transfers of less than 2000 yards and greater than 2000 
yards to account for the decreased transfer rate as the distance between ships increases. 

NW?P-14C refueling rates varv from 2070 barrels per hour for DD/DDG’'s up to 
2600 for CV’s. The maximum fueling rate for fleet oilers is approximately 4300 barrels 
per hour [Ref. 12: p. 3-3]. Compared to maximum possible capacity for refueling in 
barrels per hour, the published transfer rates vary from 50 to 60 per cent of svstem ca- 
pacity. Since the early 1970’s there has been no major increase to the maximum pump- © 
ing rate of fleet oilers. (Major improvements have been made to simplify operations and 
make refueling much safer.) [Ref. 6: p. 16] 

For conventional replenishment, NWP-14C transfer rates vary from 20 tons per 
hour for FF/FFG’s up to 35 tons per hour for CV's. This wide shift no doubt reflects 
the cargo handling capability differences between small combatants and the large deck 
carriers. It is interesting to note the rates listed in NWP-14C for vertical replenishment 
are the same for all classes of receiving ships. 

For current operations, reporting fuel transfers in barrels per hour or its reciprocal 


as used in this study continues to be the logical measure of transfer. However, with the 
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Figcure 1. NWP-14C Figure 1-2 Average Transfer Rates 


transfer capacity available in todav’s cargo transfer systems, CONREP delivery rates are 
seldom limited bv the weight of the lift. Like missiles transfers. all CONREP today ap- 
pears to be limited by the ability to move material to and away from the transfer station. 
Another problem with using short tons per hour as a unit of measure is that the density 
of lifts can varv considerably. A pallet of bomb fins or sonobouys is considerably lighter 
than a pallet of 2000 Ib bombs, but using short tons per hour the transfer of bombs 
would indicate a much larger transfer rate even though the number of lifts may be the 
same. Unfortunately the information in the UNREP data available does not adequately 
discriminate the tvpes of cargo, so the actual interaction of cargo density with transfer 
rate in lifts per hour cannot be described. For estimating transfer rates, a better time 
estimating unit should be minutes per lift or lifts per hour. The term lift 1s used to in- 
dicate moving the transfer hook and attached cargo from one ship to the other. Often 


several pallets of cargo are transferred in one lift using special cargo handling equipment. 
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D. STATISTICAL COMPARISON OF NWP-14C RATES WITH THE OBSERVED 
DATA. 
1. Refueling Rates in NWP-14C 

The first question for analvsis is to determine if the transfer rates observed in 
fleet operations are the same as the predicted rates in NWP-14C. If vou assume average 
transfer rates are a linear function of delivery time alongside and are normally distributed 
around some mean value with a predictable variance, then a standard fr test of the data 
should be sufficient to determine if the observed rates equal the published rate [Ref. 23: 
p. 485]. For fuel, ammunition and stores the ¢ test does not reject the hypothesis that 
the observed rate equals the predicted rate. Table ! lists the observed average rate and 
estimated standard deviation along with the NWP-I4C estimate and the calculated r 
Statistic value. For the size samples considered, any “?-value” less than two is not re- 
jected. Some consideration is given to the rather large standard deviations in the data 
during the regression analysis. The average observed transfer rates for refueling range 
from about 2500 to 3000 barrels per hour, and the standard deviation in the observed 
data was generally +500 to 800 barrels per hour. This amounts to a possible 30 to 50 
percent shift in the predicted rate. Before accepting the NWP-14C rates, it is important 
to note the transfer times and transfer quantities are both always positive and do not 
alwavs fit a normal distribution. Since the transfer rate is a function of both the time 
and quantity of material transferred it is unlikely the transfer rates are distributed 
normally. The ¢ test mav not be appropriate to test the transfer rates. Summary Sta- 


tistics for single station transfers are listed in Appendix B. 


Table 1. AO. AOE, TAO REFUELINGS FROM JANUARY 1984 TO JUNE 1985 
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2. CONREP VERTREP and Miissile Transfers 

Similar tables for CONREP and VERTREP are not provided since NWP-14C 
uses short tons per hour as the transfer rate. Using the observed data to compute the 
short ton per hour rate, the standard deviation of the observed data is approximately 
two times the average value making most anv conventional statistical test insignificant. 

Missile transfers are not specifically identified in the available data, so no defi- 
nite estimates of missile transfer rates are possible. Because missile transfer rates are 
important, the observed data was sorted to find ammunition transfers from AE or AOEs 
to CG or DDGs with four or less lifts for the entire UNREP. These parameters at least 
approximate the characteristics of a missile transfer at sea to a small combatant. In the 
eighteen months of data, nine UNREPs meet the criteria. For the nine events the av- 
erage time alongside was 72 minutes to transfer three lifts. NWP-14C cites five lifts per 
hour for missile transfers. The calculated ¢ statistic of these nine data points 1s 6.2 which 
would reject the hypothesis that five lifts per hour equals the observed rate. Because the 
events are not documented as missile transfers and the sample size 1s extremely small, 
no significance 1s placed on these results. 

3. Rig/Unrig Times 

NWP-1I4C predicts ten to twelve minutes to rig and unrig transfer stations. The 
available data are summarized in Appendix C. From the observed data an aircraft car- 
rier requires twenty minutes to rig and unrig any type of UNREP station and CLF ships 
require fifteen minutes. Small combatants use twelve minutes to rig unrig fueling 
Stations and 20 minutes for CONREP stations. The data are normally distributed 
around the mean. Some increase in rig‘unrig time can be observed at higher sea states, 
but the available sample sizes for comparison in heavy seas are small and difficult to 


compare with calmer conditions. 


HI. DESCRIBING HOW THE REGRESSION MODELS WORK 


A. USING MULTIPLE LINEAR REGRESSION TO MODEL UNREP 
1. Changing the Scale of Measuring Transfer Rates 

This study is attempting to predict the amount of time required to transfer a 
given quantitv of material. The rate of transfer for this type model is best described in 
terms of time per unit of cargo transferred, which is simply the reciprocal of the transfer 
rate in NWP-14C. Through the rest of the study (except where specifically noted) 
transfer rates will be cited in minutes per thousand barrels (Mbbl)of fuel for refueling 
and minutes per lift for CONREP. One draw back conceptually is that large rate coef- 
ficients will indicate slow transfer rates and small numbers represent faster transfers. 
As an example 15 minutes per thousand barrels equates to 4000 barrels per hour while 
20 minutes per thousand barrels equates to 3000 barrels per hour. So if speed is im- 
portant, smaller is better. 

2. Normal Data vs Lognormal Data 

During the exploratory data analvsis it was determined that transfer rates, when 
measured in minutes per thousand barrels, generallv did not fit a normal distribution. 
but were similar to a lognormal distribution using a Kolmogorov-Smuirnov test [Ref. 23: 
p. 554]. Random variables in a lognormal distribution are all greater than zero which 
is not the case for normal random variables. If the transfer rates follow a lognormal 
distribution then the natural log of the transfer rates are normal. Under this assumption 
a second ¢ test 1s conducted using logarithmic transformed data. Again the results do 
not reject the hvpothesis that the log of the observed transfer rates equal the natural log 
of the published rates. If the data are distributed as lognormal then the “most likely” 
transfer rate will be the mode which is less than the mean value of a proposed distrib- 
ution. Figure 2 shows two curves, the left curve is a density plot of a normal distribution 
and the right curve is a lognormal density plot. Each curve has a mean value of 24 and 
a standard deviation of six. A mean of 24 could represent the approximate observed 
transfer rate in minutes per Mbbl to a combatant, with a standard deviation of six min- 
utes. The skewed nature of the lognormal distribution indicate the “most likely” transfer 
rate will be faster than the mean value but values much slower than the mean value will 


be more frequent than in normally distributed data. 


COMPARING NORMAL AND LOGNORMAL DENSITY PLOTS 
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Height of the curve indicates the relative frequency of values under the 


curve. For the lognormal case. values tend to be more spread out with 
many values much greater than the mean. In the right graph, the solid 
line represents the mean. the dashed line is the median and the dotted 


line indicates the mode of the distribution. 





Figure 2. Normal and lognormal with equal means and variances. 


Because transferring material between ships takes time, one additional test was 
performed on the observed transfer rates. A test on the refueling data was conducted 
to find if the transfer rates were constant with respect to the pumping time. This is not 
a test if the pumping rate during a single event is constant but if separate events of dif- 


ferent pumping times each have approximately the same pumping rate. Because the 
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original data analysis indicated the rates were lognormal it was predicted this test would 
not accept the hvpothesis that the transfer rates with respect to delivery time Were equal. 
This indeed was the case for eleven of twelve samples tested. 
3. Three Types of Prediction Models 

Three graphs in Figure 3 demonstrate possible models to describe underway re- 
plenishment. The upper left graph is a linear model similar to the average rate models 
in NWP-14C. If pumping its linear, for short and long pumping times, the transfer rate 
is the same. The upper right graph represents a logarithmic transformation of the 
transfer rates. For a logarithmic model small quantity transfer rates will be slower than 
large quantity UNREPs. This 1s attributed to the real world effects of fuel sampling, and 
the initial problems encountered at the beginning of the UNREP which are smoothed 
out during longer events. Intuitively the logarithmic model is more appealing although 
considerably more difficult to use without computing equipment. The bottom graph in 
Figure 3 is slope intercept straight line approximation of the logarithmic model. For 
values not too close to zero on the X axis, representing the independent variable, the 
slope intercept model provides a good approximation and requires only one multipli- 
cation and one addition to find the desired value of the dependent variable on the Y axis. 

The three different line models are introduced as a possible explanations of how 
Separate transfer rate models predict transfer time. Figure 4. plots the same lines from 
the previous figure on one graph. The straight line passing through the origin has a 
slope equivalent to the NWP-I4C transfer rate for a CG (26.8 min per Mbbl). The 
curved line represents the best fitting line of a log log transformation of the observed 
data from cruiser refuelings. The third line is the best fitting straight line simple re- 
gression of the same cruiser data. An additional box has been added to the figure. The 
area inside the box is bounded by the interquartile range of the observed quantities and . 
times of transfer (Appendix B). The box generally describes the most likely amount of 
fuel and time required for pumping. All three lines pass through the most likely values 
and thus are reasonable predictors of average value events. As the amount of fuel 
transferred increases the NWP-14C model predicts considerably more time required than 
either of the regression models. It is this difference in predicting ability which will be 
useful in the regression analysis. 

If the two 1 tests and the test for constant rate over time all had not rejected the 
hypothesis that the observed and published rates were equal the analysis could have 


ceased at this point for the refueling data. Multiple regression techniques will be used 
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THREE TYPES OF TRANSFER MODELS 


NWP—14 AVERAGE RATE MODEL LOGARTTHMIC RATE MODEL 


MINUTES OF PLUnPITS 


Wbl OFu 


Upper left straight line model simular to NWP-14C rates. 


Minutes of Pumping = 26.8(\1bb! DFM) 
Upper right log log transformation model. 
Minutes of Pumping = eist 713 In(Af06i DF M))) 


Bottom slope intercept approximation to the log log model. 


Minutes of Pumping = 10 + 17(.\bbi DFM) 


Figure 3. Three possible transfer models 
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COMPARING ALL THREE TYPES OF MODELS 
OBSERVED VALUES ACTUALLY EXTEND TO 4 Mbb! 
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All three models predict well at or below average values, but 
the models diverge as the transfer quantities increase. The box 
represents the interquartile range of both the quantity of fuel 


and the required pumping time observed in the cruiser refueling data. 





Figure 4. Overlay of all three models. 


to describe some of the factors which affect refueling transfer rates and to develop 
models to describe CONREP. 


B. DESCRIPTION OF THE REGRESSION MODELS 
1. Dummy Variables Which Shift the Model Intercept 
Throughout the regression analysis of the single transfer station and total tume 


UNREP models, several variables interact simultaneously. In all cases there is only one 
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continuous independent variable, the amount of cargo to be transferred. (CONREP lifts 
are Obviously discrete events. but will be treated as continuous.) There is onlv one de- 
pendent variable. the amount of time required for the transfer. Other [0,1] dummy vari- 
ables are added to the model which indicate the presence or absence of some external 
factor [Ref. 24: p. 241]. For straight line regression models the dummy variables either 
shift the intercept or the slope of the line. Figure 5 demonstrates the effect of a dummy 
variable on the intercept point of the model. This type model is described mathemat- 


ically as: 


Y= Bo +B,Z+ BX 


Y = the dependent variable 

Z = the dummy variable with possible values [0,1] 
X = the independent predictor variable 

fp, = the Zero intercept of the model 


fb, = the shift in the intercept due to the presence or absence of the dummy variable 


Bb; 


Dummy variables of this type move the regression line up or down but do not change 


the slope (or rate) coefficient of X 


the slope of the line. For the UNREP data this effect mav be observed in factors ef- 
fecting cargo handling and delay times which do not directly relate to the cargo transfer 


rate. When the dummy variable Z equals one the regression equation becomes: 
Y= (By + By) + B2X 

If the dummy variable Z 1s zero then the regression equation is: 

ieero + P24 


The value of using dummy variables is that several factors can be considered simultane- 
ously along with the independent variable [Ref. 24: p. 240}. 
2. Dummy Variables Which Change the Model Slope 

The second influence possible using dummy variables is to change the slope of 

the regression line depending on the presence of the dummy variable. Figure 6 illustrates 

the effect of changing the slope of the regression line. Dummy variables of this type are 

used when a significant rate difference is expected between different environmental fac- 


tors. This type variable could be used to demonstrate the difference in pumping capacity 


DUMMY VARIABLE TO SHIFT INTERCEPT 
SLOPE INTERCEPT RATE MODEL 
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Demonstrates the effect of a dummy variable on the intercept 


of a model. The shift can be positive or negative. 





Figure 5. Varying the intercept of a regression model. 


of the large fleet oilers and ammunition or stores ships which have much smaller transfer 


pumps. The general equation of this model is: 
Y= fot BX 4+ BXZ 


When the dummy variable Z equals one the equation 1s: 


Y= By + (B, + BX 
And when the dummy variable Z equals zero the equation becomes: 


Y= Bo + BX 


If necessary, dummy variables can be added to both the slope and intercept co- 
efficients in the same model. However trial and error in this analysis indicates this pro- 
cedure is not only computationally difficult, but leads to confusing and inappropriate 


results. During the analvsis, if a model indicates both the intercept and slope are sig- 
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DUMMY VARIABLE TO SHIFT SLOPE 
SLOPE INTERCEPT RATE MODEL 
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1.0 
Mbbi OFM 


Demonstrates the effect of a dummy variable 


interacting with the slope of a model. 





Figure 6. Varying the slope of a regression model. 


nificantly different using dummy variables. separate models are created rather than using 
one larger model. The bulk of this analvsis uses dummy variables to shift the intercept 
of the fitted lines. In regression texts this method is known as the analysis of covariance 
eel. 25: p. 297]. 
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IV. SINGLE STATION UNREP MODELS 


A. THE FULL MODEL AND SIMPLE MODEL FOR REFUELING 
1. Models Are Created for Receiving Ship Classes 

The analysis of single station transfer rates begins by searching for differences 
in transfer rates and finishes pointing out the similarities. Four tvpes of cargo transfers 
are considered, DFM, JP5, Ammunition and stores. In NWP-I4C the receiving ship is 
the principal concern, so in this analysis, separate models are created for different re- 
ceiving ship types. Although dummy variables are added to the single station models, 
they do not significantly improve the amount of unexplained error in the data when 
compared to a simple linear model using only the transfer quantity and transfer time. 
The result of the single station transfer analvsis is that a simple linear model using the 
quantity of material to transfer as the independent variable is the best model for single 
station transfer rates. This is not the case when trving to predict the total time required 
for an UNREP, where some of the external factors provide significantly better models 
of underway replenishment. 


There are eight receiving ship models considered throughout: 


—= 


. Conventional and Nuclear Aircraft Carriers (CV) 

Conventional and Nuclear Cruisers (CG) 

Spruance Kidd Class Destrovers, Guided Missile Destrovers (DD) 
Adams Class Guided Missile Destrovers (DDG) 

Fast Frigates (FF) 

Guided Missile Frigates (FFG) 

Fleet Oilers (AXB--B is for big) 

Ammunition and Stores Ships (AXL--L is for little) 


i 


Oo ~] CN Cn 


These classes each have significantly different hull forms, mission capabilities and pos- 
sibly WaNIREP transten mates. 
2. Dummy Variables Are Added to the Full Model 
Each of the combatant models uses dummy variables to condition for the de- 


livery ship type and three additional environmental factors: 
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We LifUNREP from an Ammunition ship 
F ‘0 otherwise 
0 otherwise 


AFS = \ if UNREP from an AFS stores ship 


6 1 if UNREP from an AO — 177 Class Oiler 
’ to otherwise 


Vor lif UNREP from an AOE — 1 Class Multi — product ship 
Z ‘0 otherwise 
i if UNREP from an AOR — | Class Oiler 
AOR = . 
{0 otherwise 
TAO Lif UNREP froma TAO — 105 or TAO — 143 Class Oiler 
. ‘0 otherwise 
1 ifthe UNREP was during the day 
DANT = 
0 otherwise 
MULT= l if ships along both sides of the delivery ship 
0 otherwise 
] if sea state greater than 3 on the Beaufort Scale 
STAT = 
0 otherwise 


In creating the refueling models, only fuel transfers from AO, AOE, AOR and TAO 
Ships are considered. Although AE, AFS ships can and do refuel small combatants the 
fuel transfer capability is considerably less than the larger fleet oulers. Separate models 
are created to describe the delivery of fuel from an AE or AFS. 
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A description of the refueling models shows the relative complexity of the full 


model with the two variable simple linear model. The full model is: 


PTIME = By + B,AO + B,AOE + B,AOR + B,DANT + 
B;MULT + BgSTAT + BjFUEL + E 


PTIME = Observed single station pumping time 
FUEL = Quantity of DFM (or JP5 for CV) transferred in Mbbl 
E = Error between observed data and fitted model 


The simple linear model 1s: 
PTIME = 8, + B,FUEL+E 


In the full model f, (the constant term) represents fuel transfer from a TAO when other 
ship type dummy variables equal Zero. 
3. Selecting the Best Model for the Single Station Refueling 

Using the “All Possible Regressions” program in GRAFSTAT [Ref. 26: p. 21] a 
model is computed for each of the receiving ship type. Each of the computed models for 
receiving ship single station transfer select the constant f, term and the independent 
vaniable for fuel, plus from one to five of the possible dummy variables to predict the 
transfer time. As a qualitative measure for comparison, the full model R? values range 
from .25 to .69 and the standard error from 9 to 18 minutes. An R? value of one is a 
perfect fit with positive or negative correlation and a value of zero indicates no corre- 
lation in the model. The standard error term generally indicates the observed value 1s 
within the range of the standard error about 65% of the time for average value transfers. 
(Ref. 24: p. 205]. Of the dummy variables taken into the model there is onlv one of the 
variables selected consistently. An additional 3 to 20 minutes 1s added to each model 
through the AOR vanable. The AOR data throughout the analysis is suspect and a 
great deal of the AOR data 1s deleted. Because of AOR reporting problems in the data 
base this slower transfer time for AOR ships is disregarded. The AOR data has little 
impact overall since it accounts for only about 10% of all the observed refuelings. 

The full model when compared to the simple linear model is considerably more 
complicated with extremely little increase in prediction accuracy. For the simple linear 
model, the six receiving ship model R? values range from .33 to .63 and the standard er- 
ror varied from 10.2 to 20.3 minutes. So overall the full model provides virtually no 


improvement in predicting transfer times. 
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4. Recommended Single Station Refueling Models 
The conclusion from the single station models 1s that apparently very few envi- 
ronmental factors affect the single station transfer rate. The following regression 
equation and coefficients listed in Table 2 provide a recommended fueling model for each 


Class of receiving ship. 


Predicted Transfer Time = By) + B, FUEL 


Table 2, SINGLE STATION FUELING MODEL FOR DFM AND JP5 


Receiving Ship Type fb, Minutes Avg Mbbl Avg Pump 
Transfer Time 


fb, Minutes 
per Mbbl 







DDG FF FFG aa 
AO AOE AOR TAO 
AOAOEAORTAO IPS [sa —«dt dos Sid 

<a ae eae 


JP5 to Small Combatants | £, Minutes | f£, Minutes | Avg Barrels | Avg Pump 
per Barrel Transfer Time 

cS DD'DDG FF.FFG i 107 -? 

mae ALS JP5 


Each of these values is within the 95%o confidence interval of the computed regression 










equations as shown in Appendix D. The standard error for the aircraft carrier model 1s 
eighteen minutes and twelve minutes for the small combatants. The grouping of re- 
ceiving ships appears to be related to the overall ship size and fuel storage capacity. 
Based on the similarity in size, it is recommended to use the CG/DD transfer rates for 
CG-47 cruisers until better information is available. The average quantity and transfer 
time columns are provided for comparison with the model. 

The separate analysis to transfer fuel from an AE/AFS results in an equation 
with zero intercept but a transfer rate approximately one half the rate for the larger fleet 
oilers. One equation is presented to model refueling of any small combatant from an 
AE or AFS. 


PIIME=36FUEL+ E 


29 


There are 90 observations in the sample, the R? value is .62 with a standard error of 28 
minutes. 
5. Selecting the Best Single Station CONREP Model 

For CONREP a simple regression model and a large multiple regression model 
are tested. The simple model is selected as the best model to describe the single station 
transfer. A large model conditioning for delivery ship type and environmental factors is 
processed using the “All Possible Regressions” program. The full model for CONREP 
is oF the form: 


CTIME = B) + B,AE + B,A0 + B3AOE + B,AOR + B5TAO + BEDANT + 
BaMULT + BgSTAT + Bp AMO 4+ B,)LIFT+E 


CTIME = Observed single station CONREP time 


LIFT = Number of Lifts, Ammuntion or Stores 


1 if transfer was ammunition 


AMO= . 
0 otherwise 


For the CONREP model the base case is a transfer of stores from an AFS, so f, re- 
presents conventional replenishment from an AFS when the dummy variables for other 
delivery ship types are zero. For the simple linear regression model two separate 


equations are used to keep separate the transfer of ammunition and stores. 


ATIME = By + B,ALIFT+E 


ATIME = Observed Single Station Ammunition Transfer Time 


ALIFT = Number of lifts of ammunition transferred. 


STIME = By + B,SLIFT + E 


STIME = Observed Single Station Stores Transfer Time 

SLIFT = Number of lifts of stores transferred 

The two equations allow for possibly different transfer rates and zero intercepts between 
ammunition and stores transfers. Table 3 provides recommended coefficients for the 


transfer of ammunition and stores. 


Predicted Transfer Time = By) + B, LIFT 
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Table 3. SINGLE STATION CONREP MODEL FOR AMMUNITION AND 
STORES 


Receiving fb, Min- f, Min- Avg Avg Avg Avg 
Sip lype utes utes per Ammo Ammo Stores Stores 
Lift Lifts Time Lifts Time 


CV Ammo le 143 Pl 
or euores 


tion to 
Small 
Combatants 


Stores to 
Smal] 
Combatants 


Ammuni- 
tion to 
er ships 


Stores to 
CLF Ships 





These predicted coefficients all are within the 95% confidence interval of the individual 
receiving ship type regression model. (The f, coefficient for ammunition varies from -2.5 
to 3.2 for the FF model. Appendix D) The recommended standard error for Aircraft 
Carner CONREP ammunition transfers is 60 minutes and 50 minutes for stores trans- 
fers. For all other small combatant UNREP the standard error should be 20 minutes. 

Initially, significantly different transfer rates for refueling and CONREP were 
anticipated between the various receiving ship types. There mav be significant differ- 
ences, but the inherent error in the available data does not permit consistent isolation 
of differences at the single station level. It seems important to recognize the similarity 
observed in the data. The transfer rate is fairly constant between receiving ship types, 
with some variation in the amount of time during the transfer not attributable to the 
cargo. 
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V. TOTAL TIME UNREP MODEL 


A. ADDITIONAL FACTORS ARE ADDED TO THE MODEL 
1. Four Factors Add to the Complexity of the Model 

The final section of this analysis creates a model to predict the total time re- 
quired for an Underway Replenishment based on the quantity of material scheduled for 
transfer. Using the methods developed in the single station problem, four additional 
concepts are added to the total UNREP prediction models. The first addition is a log- 
arithmic transformation of both the independent and dependent variable to improve the 
prediction of transfer times over a wider range of transfer quantities. The second con- 
cept is to create a decision rule to select one independent prediction variable from pos- 
sible quantities of DFM, JP5 or the number of CONREP lifts. A third problem is to 
allow interaction between different types of commodities, that is, if fuel appears to be 
the controlling factor, does a simultaneous CONREP significantly effect the estimation. 
Interaction between multiple transfer stations 1s added as a the fourth additional external 
factor. Summary Statistics for Total Time UNREPs are listed in Appendix D.2 

Using the log log model, the standard error of the regression does not signif- 
icantly increase over the single station prediction model. For an average aircraft carrier 
UNREP of two and one half hours the standard error in the regression model is minus 
35 minutes to plus 45 minutes. The standard error is not symmetric around the average 
value. The errors above the average value will tend to be greater than errors below the 
average value due to the skewed nature of the distribution of the data. For the log log 
transformation a simple linear equation can be evaluated using the least squares method 


of the following form: 


InTTIME = By + B, ln(Mbbl,Lifts) + E 


or the direct prediction of total time: 


TTIME = e8ot Bi (Mobi Lifts+E) 
TTIME = Total observed time of the UNREP 


2 The single station data of the previous section is combined to determine the total transfer 
quantities dunng the UNREPs. 
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The first change in the model is a logarithmic transformation of both the 
quantity of material transferred and the time required for transfer. The straight line 
single station model used the observed data without transformation as a suitable ap- 
proximation to the conceptually more accurate logarithmic model. To estimate the total 
event time, sufficient additional external factors impact on the model to warrant the 
additional difficulty of computing the regression equations with log transformed data. 
This simple regression equation is then expanded with [0,1] dummy variables to control 
for external factors. Figure 7 is a model comparing two three and four station carrier 
UNREPs. For values less than seven MbbI the change in slope between the regression 
lines appears significant, but at 12 to 15 Mbbl the lines appear much more parallel. 

The second additional consideration to the total ttme UNREP model is choos- 
ing the independent variable. For the single station model both the independent and 
dependent variables are given in the data and the problem 1s simplv to fit a least squares 
line to the data. To estimate the total time required for an UNREP with multiple 
transfer stations and different commodities a decision is made to select the maximum 
quantity of fuel (DFM -or JP5 for CV’s) as the independent variable. Then dummy 
variables are added to condition for the number of transfer stations, different transfer 
rates between DFM and JP5 and distinguish refuelings which have simultaneous 
CONREP. If refueling is the controlling factor, the number of CONREP lifts is not 
considered. Sometimes it is obvious from the data that the total time of the UNREP 1s 
dominated by the number of transfer lifts. For this situation a second model is created 
Which uses the number of lifts as the independent variable and then conditions for the 
presence or absence of refueling. 

The third problem addressed, though unresolved, is to determine the cross over 
point where fueling or CONREP dominate the required time for an UNREP. An at- 
tempt is made to use the single station models to equate fuel and lifts to an equivalent 
transfer time, but is not seriously pursued. The selected regression equations show that 
when quantity of fuel is the independent variable the presence of any amount of 
CONREP adds time to the model, alternately in every case except for the aircraft carrier 
the presence of refueling when the independent variable is CONREP also add time to the 
model. These results give some indication of the amount of additional time required for 
complex replenishments. 

The fourth consideration is controlling for the number of transfer stations. As 


shown in the Figure 7 there is a measure of improvement using additional stations, but 
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TOTAL TIME CV REFUELING ESTIMATE 
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Til yar = pt oot ITF TA2—.206F STA4—.089/P5+.530( In( max(DFM,JP5)))) 





Figure 7. Estimated carrier UNREP times using log log transformation. 


four stations are usually not twice as good as two. An additional problem with multiple 
Stations 1s that the reduction in total alongside time is a function of the amount of 
overlapping transfer time. When conducting the regression analysis, the proportion of 
simultaneous transfer time is considered as an average value for the number of stations 
during the UNREP. If the percentage of overlapping time 1s better than the average, the 
actual transfer time will be less than the regression model. 
2. Establishing the Base Case for the Multiple Regression 

For the regression models of total UNREP time, the base case for aircraft car- 
riers is three DFM transfer stations, one station for small combatants and one station 
for fleet oiler consols. For aircraft carriers the average number of stations per UNREP 
is very close to three DFM stations and normally two simultaneous JP5 transfers. For 


small combatants, the average number of fueling stations varied from about 1.8 for CG's 
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and DD's to slightly more than one (1.13) for FFG’s. f, for the models using fuel to 
predict total UNREP time represents refuelings from TAO class oilers in the full model. 
B, for the models using CONREP to predict total UNREP time represent CONREP 
from an AFS. 
3. VERTREP Data Did Not Produce Reasonable Results 

Throughout this analysis VERTREP has not been discussed. Although an in- 
tegral part of battle group logistics VERTREP seldom impacts the alongside portion of 
an underway replenishment. The data available for analysis is even more variable than 
the refueling and CONREP data. VERTREP is treated as a separate categorv with only 
limited success in describing the amount of time required to transfer cargo. Appendix 


B contains a summary of available VERTREP data. 


B. FUEL QUANTITY AS A PREDICTOR OF TOTAL UNREP TIME 
1. Full Model to Estimate the Total Time of Refueling 
Using the modeling techniques described in building the regression models and 


the four additional constraints, the full total time refueling model is: 


InTTIME = By + B,AO + B,AOE + B,AOR + 
BsDANT + B- MULT + B>STAT + Bk CONREP + 
BoJ PS + BypFSTA2 + B,,FSTA4 + By In( max(DFM,JP5)) + E 


' f lif UNREP has simultaneous CONREP 
Seine P= | 
| 0 Otherwise 


; l if Max(DFM,JP5) = JP5 
5 = 
i. Otherwise 


1 if Number of pumping Stations = 2 


ma tA2 = 
OQ Otherwise 


I 
& 


Bed — ih suencer of pumping stations 
0 Otherwise 


For each of the receiving ship classes, before the “All Possible Regressions” program is 
run, several of the variables are removed either because they are not significant during 


previous forward and backward stepwise regression or there are only a few occurrences 
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of a particular dummy variable in the sample. Appendix D contains a table of all the 
coefficients calculated in the simple and multiple regression models. 
2. Aircraft Carrier Total Time Refueling Model 


The aircraft carrier total time model 1s: 


InTTIME = 3.55 + 137FSTA2 — .206FSTA4 —.089JP5 + 
530( In( max(DFM,JP5))) + E 


Figure 7 above is plotted using the values in this equation, however the JP5 term is set 
to zero to reduce the number of lines on the figure. The model is based on a sample size 
of 191 observations from any large fleet oiler (AO, AOE, AOR, TAO) to any aircraft 
carrier. The dummy variable for JP5 helps to account for a slightly different pumping 
rate When JP5 is the maximum fuel quantity. The coefficients chosen are within the 95 
per cent confidence limits of the model. Although selected in the computed model the 
AOR dummy variable is again removed from the final equation. The R? value for the 
aircraft carrier model is .49 and the logarithmic standard error is .23 which equates to 
about minus 30 to plus 40 minutes near the average value transfers. The R? value indi- 
cates approximately half of the observed error around the mean value is explained by the 
regression equation. 

The total time aircraft carrier and small combatant model regression equations 
are reasonably complex. To check if a simpler model would suffice, a non transformed 
model is computed using the full model with the aircraft carrier data. At least for air- 
craft carriers, the log log model provides a better response to the data over a wider range 
of values for the independent variable. For the linear model the intercept 1s at 86 min- 
utes. This seems unreasonably large and always overestimates the time for shorter 
UNREPs. Figure § is a representation of the linear model allowing separate transfer 
rates. A better linear approximation could be achieved using separate models for the 
two three and four station UNREPs. 

3. Small Combatant Total Time Refueling Models 

For the small combatants two separate equations are presented representing a 
CG/DD model and a DDG/FF/FFG model. Sufficient similarities are again observed 
in the model coefficients to consolidate the larger hulled CG and DDs in one equation 
and the smaller DDG, FF and FFGs in a separate model. The coefficients of each 
equation fall within the 95 per cent confidence bands of the separate models. For the 


CG;/DD model the recommended equation 1s: 
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TOTAL TIME CV REFUELING ESTIMATE 
LINEAR APPROXIMATION OF LOGARITHMIC MODEL 


t 3 STATIONS 
2 STATIONS 4 


+ 4 STATIONS 


tJ 
= 
= 
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z 
© 
= 
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MbbI DFM 


TTIME = 86 + 3.8DFM + 1.2(DFM)(FSTA2) — 2.5(DFM)(FSTAA) 


The unreasonably high intercept could be reduced by allowing both 


the slope and intercept to varv with the number of transfer stations. 





Figure 8. Linear approximation of Carrier refueling. 
InTTIME=4.0-— IODANT + IOSTAT — 1J2FSTA2 + ISCONREP + 
34(nDFM) + E 
The resulting equation for DD/FF/FFGs 1s: 


InTTIME = 3.90 — .07DANT + 0STAT — .20FSTA2 + .35CONREP + 
43(InDFM) + E 


There are 293 observations in the CG model and 352 in the DD model. The R? values 
are .35 and .26 respectively and the standard error in both models is .27. These indica- 


tors of the quality of the model are not impressive, however graphically the model seems 
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to fit the data. Figure 9 is a scatter plot of 150 Spruance class destrover observations 
with the fitted values of the model. The second model has 308 DDG data points, 609 
FF data points and 232 from FFGs. The R? values range from .24 for the DDG data 
to .47 for the FFG data. The standard error again translates to 30 to 40 minutes of 
probable error in prediction. The models are merely proposed as a starting point of 
modeling underway replenishment. 

A separate model is created to describe refueling small combatants from an AE 
or AFS. 


InTTIME = 4.32 + .23AFS + 41AMO + .312(InDFM) + E 


There are 90 observations in the sample, the R? value is .34 with a standard error of .36. 
For this model f, represents a refueling from an AE because there were only 21 AFS 
refueling observations in the sample. 
4. Total Time Refueling Models for CLF Ships 
Two additional total time refueling regression models are provided. One 1s for 
large fleet oiler refuelings, normally Known as consols. The second is a model for refu- 
eling AE’AFS CLF ships. These two models are significantly different from other 


models. For large fleet oilers: 


InTTIME = 4.29 —.23FSTA2 + .38(In( max(DFM,JP5))) + E 


This equation is based on 68 observations with an R? value of .78 and a standard error 
of .18. The model is apparently uneffected by external factors. For smaller CLF ships. 
AE’'AFS the total time refueling model 1s: 


InTTIME = 3.50 + .57(In(DFM)) + E 


This equation is based on 144 observations with and R? value of .43 and a standard error 
of .26. 


C. CONREP AS THE PREDICTOR OF TOTAL UNREP TIME 
1. Aircraft Carrier Total Time CONREP Model 
A separate set of models are presented for events either entirely CONREP or 
which at least appear to be dominated by CONREP. The receiving ship types are 
modeled separately, and then the results are combined into groups of equations as in the 
refueling models. 
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Spruance Class Destroyer Refueling Data Scatterplot 
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150 randomly selected refueling observations and fitted values. 
Note that error of observed values greater than fitted estimates 
tend to be larger than the observed error of values less than 
the fitted estimate. This effect can be attributed to the 
logarthmic transformation of the data. 


Figure 9. Scatter Plot of Spruance Class DD refueling data. 
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The full model considered is: 


InTTIME = By + B,AE + B,AO + B,AOE+ B,AOR + B5TAO + 
B.DANT + B,MULT + BySTAT + BoFAS == 
BigpAMO + B,,CSTA2 + By) In(LIFTI) + E 


lif UNREP has simultaneous refueling at sea from an AE or AFS 


FAS = 
‘6 Otherwise 


l iftheCONREP transfers ammunition 
AMO = 
0 Otherwise 
l if Number of CONREP stations = 2 
CSTA2 = . 
O Otherwise 


The model for aircraft carrier CONREP is based on 99 observations. The R? value is .34 
and the standard error .30. It is interesting to note that the effect of simultaneous re- 


fueling does not factor into the equation for aircraft carriers. 
InTTIME = 4.09 + .22(InLIFT) + E 


2. Small Combatant Total Time CONREP Models 


For CGs and DDs the recommended equation 1s: 
InT TIME = 3.95 — ISDANT + .30FAS + .30(InLIFT) + E 
For DDG. FF’/FFGs the regression model 1s: 
InTTIME = 3.70 ~ ISDANT + .20F.AS + .35(inLIFT) + E 


The FAS variable is only to be used when the refueling is from an AE/AFS. For fleet 
oilers, although there were significant numbers of refuelings with simultaneous 
CONREP, the controlling factor for these events is virtually always the quantity of fuel. 
The refueling equation is more appropriate for fleet oilers. Figure 101s a plot of the data 
and fitted values from the 112 CONREPs to Knox Class FFs. 
3. CLF Total Time CONREP models 
The equation for CLF CONREP is a composite of two models, one for the 


larger fleet oilers and one for AE;AFS CONREPs. The regression model uses a dummy 


40 


PREDICTING TOTAL UNREP TIME 
FF CONREP FROM ANY CLF 


OBSERVED DATA 
PREDICTED TIME 


Vv 


TOTAL UNREP TIME 
120 





0 20 40 60 
NUMBER OF TRANSFER UFTS 


Plotting the observed and fitted data for CONREP transfers from 
CLF ships to Knox Class Frigates. 

As noted in Figure 9, the observed error is larger for values greater 
than the fitted value, compared to observed values less than the fitted 
estimates. This tendency was described in Figure 2 as characteristic 
of lognormally distributed data. 


Figure 10. Scatter Plot of Knox Class Frigate CONREP data. 


4] 


variable (FAS) for simultaneous refueling at sea, which only applies to CONREPs in- 
volving AE. AFS. 


lInT TIME = 4.05 -ISPCU EL 32 iO ee ere 


There are 148 observations in the sample. The R? value for both models was approxi- 


mately .3 and the standard error was between .36 and .4. 
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Moc ONCUUSIONS 


A. SIMPLE RULE OF THUMB PREDICTORS 
A Surface Line officer can obtain two conclusions from this analysis. 


1. An estimate of DFM pumping time through one hose is 10 minutes + 4 minutes 
per 10,000 gallons of DFM transferred (17 min per Mbb)). 


2. For CONREP an estimate of the required transfer time is 25 minutes + 2 minutes 
per lift. 
These two estimates have considerable variation throughout the observed data, but can 
be applied with some confidence to virtually any type of transfer. Using the simple lin- 
ear regression models for single station transfers, error about the mean can be reduced 
30 to 60 percent just using the quantity of material to transfer as the independent vari- 
able. 

When more complex events are considered, (several transfer stations or more than 
one product transferred in a single UNREP) transformation of the data is required to 
obtain reasonable estimates of the average transfer rates. Although more complicated 
than the single station models, the logarithmic transformation model estimates can be 
solved using a hand held calculator. The inputs to the equations are simply the quantitv 
of material to transfer and decisions concerning which dummy vaniables apply to the 
desired estimate. For complex events it must be born in mind that the statistical models 
derived. not only estimate average transfer times, but also the standard error from the 
mean can vary considerably. For UNREP planning, the single valued predictor (the 
mean) must be used with appropriate consideration for the standard error of the esti- 
mate. As an input to battle group models, the total time UNREP models may be ap- 


propriate. A summary of the proposed models are given in Appendix E. 


B. ADDITIONAL POSSIBLE AREAS OF STUDY 
If there is additional interest in describing underway replenishment, several topics 


remain open for research. 
1. What type of model can describe VERTREP? 
2. How do cargo handling techniques effect CONREP transfer rates? 


3. Is there a method to quantify and then reduce what is apparently waiting time 
during an UNREP? 


4. Is there a useful model to predict missile transfer tumes? 
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5. Using operational schedules, can significant differences be detected between oper- 
ational events and training events? 
Although considerably more historical data is available for analysis, monthly UNREP 
data reports are no longer required. Analysis of current operations would require special 
reporting requirements. Without a sponsoring command, acquiring additional data is 
unlikely. It was particularly dissappointing that a reasonable model for VERTREP 
could not be created from the data available. 


C. A PROPOSED TABLE TO UPDATE NWP-14C 

AS a possible update to the transfer rates listed in NWP-I4C the following table is 
Suggested to estimate the total time required to conduct underway replenishments. Ta- 
ble 4 is developed for daytime UNREPs in sea state conditions less than four. The air- 
craft carrier estimates assume DFM is the controlling factor using three transfer hoses. 
The cruiser and destroyer estimate assumes two transfer hoses with similar environ- 
mental conditions. The smaller ship (DDG/FF/FFG) estimates are for one transfer 
hose. The estimate of time in the table is the total time required for the UNREP in- 
cluding the approach and rigging to the unrigging and breakaway. The predictions are 
given for the observed interquartile range of the Mbbl of DFM or number of CONREP 
lifts. The standard error term in the last column of the table gives some indication of 
the range of observed times. Because no reasonable VERTREP models were computed 
the VERTREP table simply lists the interquartile range values (25th 50th and 75th 
percentiles) for both the number of lifts and transfer times in the observed data. It 1s 
recommended CG-47 class cruisers use the CG. DD rates to estimate transfer times until 
observed data is available. The eighteen months of data analvzed had less than five 
battleship refuelings so it 1s recommended the equations for a two Station carrier 
UNREP be used to model BB refuelings and the carmer model for CONREP shoulasies 
used with the battleships. 


D. COMMENT 

Admiral Hooper in his book Mobility, Support, Endurance [Ref. 27: p. 52] lauded the 
efforts of the USS Ponchatoula for her “valiant” efforts during the Vietnam conflict. He 
cited one day in which the Ponchatoula transferred over 2.6 million gallons of DFM and 
653,000 gallons of JP5 to some 20 ships and also conducted a consol to refuel. 


Using average values from this study, today the USNS Ponchatoula would complete that 
Same requirement in one day plus have eight hours available for transit plus two hours 
to eat lunch. It would be a busy dav but certainly today’s transfer rates can meet the 


requirements observed during Vietnam. 


Table 4. ESTIMATING TOTAL UNREP TIMES 


Estimate of REFUELING Times 
Receiving Ship Short Medium Long Est Error 
NN REP UNREP —, Min 
Qtv | Time] Qty | Time] Qty 
——— i Mbbl] Min | Mbbl Mar 
/8.0 | 105 | 12.0 | 130_| 16.0 | 151_| +45,-35 


ipa FFEFGL.¢ [ar Lee Le 
[Estimate of CONREPTmes ——OSOSCS—“SsCS~s~—“SsSCSsSsS 











Estimate of CONREP Times 


,;§ Sen ee ees 

Lifts |} Min | Lifts | Min } Lifts | Min | Min 
Tee | +60,-50 | 

eee ei 


Interquartile Values for VERTREP. 


ee — 
Eilts entin® |) Lifts eMin Lifts |eMin 
[Ammo < 200s +3 fs fe [ss faa fs 
Ss 
[stores < 2000ds = ips fs [ao fis feo | 
[stores > 2000sds it ts 3 psf [ss | 
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APPENDIX A. DATA MANAGEMENT 


A. RULES FOR DELETING DATA 


An attempt is made to use as much of the available data as possible. The following 


rules are applied as a consistent pattern of “cleaning up” the data. 


1. 


Single station fuel transfers must be less than 40% of the receiving ships fuel stor- 
age Capacity and greater than 100 barrels. The forty per cent criterion is selected 
for two reasons. Reasonable transfers of more than forty per cent are seldom noted 
in the available data and for most classes of receiving ships there is a natural break 
between believeable and unbelieveable transfer quantities at about forty per cent. 
Transfers less than 100 barrels are extremely rare. 


Total Unrep Time fuel limits are set at approximately 50°> of the ship tvpe’s total 
Storage Capacity. 


For cruisers, destrovers and frigates, pumping times per hose are restricted to less 
than 100 minutes. For aircraft carriers, maximum pumping time per hose is 180 
minutes. Refuelings of CLF ships are handled separately. Average pumping times 
are approximately one third of the upper limit. 


Total UNREP times are limited to five hours for aircraft carriers and three hours 
for other combatants. For CLF UNREPs there is no preset time criterion to re- 
move data. 


AOR class data is considered questionable throughout the analysis. As much of 
the usable AOR data as possible is used, however if the data indicate a significantly 
different performance the results are disregarded. 


. For the major refueling models, no fuel transfers from AE, AFS, or TAE ships are 


allowed. These delivery ships have the capability to refuel combatants, however 
their fuel oil transfer pumps have considerably smaller capacity. Refuelings bv AE, 
AFS and TAE are considered separately. 


For DFM and JPS transfer rates exceeding 4600 barrels per hour and less than 100 
barrels per hour are considered unlikely and removed from consideration. NWP-14 
lists 4330 barrels per hour as the maximum pumping capacity for a seven inch fuel 
hose at the maximum rated pressure. 4600 barrels is chosen as an upper limit to 
allow some flexibility in establishing the transfer rate upper limit. 


For connected and vertical replenishment events with rates less than 2 tons per 
hour and rates greater than 200 tons per hour are deleted. This rule seldom elimi- 
nates feasible events and primarily identifies data entry errors. 


For connected and vertical replenishment events with lift rates less than one per 
hour and greater than 70 per hour are disregarded. Again these limits seldom re- 
move feasible transfers. Admittedly transfers of 70 lifts per rig per hour are possi- 
ble but seldom reported in the data available. 
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B. USABLE OBSERVATIONS FROM THE DATA BASE 

There are 6743 lines of data analyzed in this project. A line of data can any com- 
bination of a refueling, CONREP or VERTREP. The symbol AXB in the table re- 
presents AO AOE/AOR TAO data and AXL represents AE;AFS. The following tables 
list the amount of data deleted for both the single station models and the total time 
UNREP models. 

1. Single Station Model Data Usage 


TOTAL DFM JIS CONREP VERTREP 
CV RAW 1198 DoS 386 170 164 
USED 411 Zo7 169 162 
*DELETED 31 25 O01 O01 
CG RAW 1330 981 7 153 224 
USED 777 6 eZ 2 Ay 
*DELETED 21 14 20 03 
DD RAW 1046 805 128 WAI 107 
USED ae 89 LZ 103 
*VELETED aa | 30 00 O04 
DDG RAW 803 640 13 120 98 
USED DO7 10 a5 82 
*DELETED 11 23 06 16 
FF RAW 1151 115 157 102 200 
USED 662 i> 102 188 
7*DELETED 14 1S 00 06 
FFG RAW 446 341 38 58 54 
USED O22 a 58 51 
*DELETED 06 08 03 06 
AXB RAW 396 301 92 CLF CONREPS 
USED Te2 on WERE COMBINED 
*DELETED 46 1 
AXL RAW 495 250 52 203 222 
USED ey 30 1916 204 
ADELETED Za 42 03 08 


Amphibious Ship Replenishments and transfers to other ship types, including Coast 
Guard, Tenders, and foreign nations ships are not considered. 
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2. Total UNREP Model Data Usage 
Total UNREP data was compiled by combining the information from single 
station data pertinent to a single UNREP. 


TOTAL DFM/JP5  CONREP 
CV RAW 429 259 oe 
USED 208) 101 
“DELETED 12 18 
CG RAW 557 396 109 
USED 349 92 
%DELETED 12 16 
DD RAW 600 509 111 
USED 460 92 
Y%DELETED 09 iy 
DDG RAW 528 376 120 
USED 322 112 
“DELETED 14 06 
FF RAW 880 664 101 
USED 635 97 
“%DELETED 04 04 
FFG RAW 368 301 58 
USED 226 48 
“DELETED 26 0 
AXB RAW 265 71 84 
USED 68 78 
°“DELETED 04 07 
AXL RAW 267 164 75 
USED 150 ws 
“DELETED 09 05 
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APPENDIX B. SINGLE STATION SUMMARY STATISITICS 


The tables are summaries of the data used in this analvsis for the r test in Chapter 
II and the single station models of Chapter IV. The Q.5, Q.25 and Q.75 rows are the 
median, 25th and 75 percentiles of the observed data. S represents the observed standard 
deviation in the data. SSZ stands for the sample size of the statistics. SMLJP5 repres- 
ents JP5 transfers to small combatants and AE/AFS. 


A. REFUELING STATISTICS 
FUEL IN BARRELS 


STAT AXB CVee 25> CG) | DD) DDG FF © FFG CVIP5> "AXBJP5. SMLJIPS 
AVG 10034 3892 2283 1322 1378 1048 1132 1019 4281 8609 107 
On 8985 3483 1972 1214 1281 981 1062 990 4155 ,O2 88 
MODE 2672 3000 1667 1000 1000 1000 1357 230 2700 £4774 48 

5 eolz I557 7137/6 619 660 543 523 522 2173 4309 74 
MIN 714 620, 104 167) 119 dia 133 7100 22 1347 3 
MAX 35302 10395 7310 4260 4440 4550 4118 3661 10240 19471 440 
eo 4900) «2890 1250 904 901 690 750 630 2587 300 49 
Q.75 13468 4780 2862 1600 1700 1266 1424 1300 5523 11210 194 
RUE TIME IN MINUTES 

cee AXB CV AXi CG DD DDG FF FFG CVJP5 AXBJP5 SMLJP5 
AVG 72 80 DD 52 34 26 27 26 85 145 he 
O.5 168 75 48 29 30 ee ZS 25 80 143 ie 
MODE 95 oe 38 28 30 14 20 16 66 tod 10 

5 95 34 Zo sl! 17 iS 14 14 38 68 13 
MIN a2 20 13 & 5 * u 6 5 oo 2 
MAX 505 LeU 162 oo 90 96 89 96 188 504 9 
O25 oo Sf 2S Ze ZZ 13 Ly 16 Be o5 eZ 
7D 210 23 70 40 42 31 2 30 106 176 30 
FUEL RATE IN BARRELS/HOUR 

STAT AXB CV AXL CG DD DDG FF FFG CVJP5 AXBJP5 SMLJP5 
AVG peoae S090 2506 2536 2557 2476 2506 2552 2993° 3692- So 
Q.5 3779 3061 2490 2571 2468 2697 2808 2631 3071 3812 281 
MODE 2710 2940 2297 2289 2500 3000 3000 2640 2152 3842 240 

5 997 673 772 760 793 806 881 866 Too 1401 270 
MIN 368 1254 218 443 460 435 231 133 £4480 467 25 
MAX 4598 4545 4094 4578 4593 4547 4583 4571 4589 4580 77.0 
Q.25 2912 2534 2040 2080 1987 2075 2169 2029 2456 J) 190 
Ose 4187 3539 3032 2983 3102 3221 3399 3103 3526 4129 597) 
SSZ hoz Gite 197 582 717 567 662. 322 m7 on 305 
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B. CONREP STORES STATISTICS 


CONREP STORES Gifts 


STAT 
AVG 
Qe 
MODE 
5 
MIN 
MAX 
QsZ5 
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CV 
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CONREP STORES TIME (MINUTES) 
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C. CONREP AMMUNITION STATISTICS 


CONREP AMMO LIFTS 


STAT 
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MODE 
S 
MIN 
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Q. 25 
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STAT 
AVG 
Q.5 
MODE 
S 
MIN 
MAX 
Q. 25 
Q. 75 


CV CG 
0 6. 
Bd 4 
26 2 
45.5 6 
il i 
176 ZF 
19 Z 
63 8 
CONREP AMMO TIME 
CV CG 
143.8 64. 
2 45 
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98.8 47. 
10 10 
418 194 
66 a5 
190 100 


CONREP AMMO RATE 
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D. VERTREP AMMUNITION TRANSFERS LESS THAN 2000 YARDS 


ins 

ye GG DD DDG FF EEG weer 
AVE a Ce Gas 3 ae 1 46.1 
Ons.) (Sy 4, 6 1 3 1 31.5 
MODE 8 it 3 1 1 1 118 

S 1 297 ee 3.5 Das 0 47.1 
Q.25 32 3 3 1 1 1 8 
Q.75 97 5 8 7 5 1 83 
MIN 8 1 1 1 1 1 6 
MAX 216 10 15 7 7 1 111 
TIME (MINUTES) 

STAT CV GG DD DDG FF FFG CLF 
AVG 153 37 34 15.6 23 4.6 99 
Q.5 126 D4 32 10 28 5 61.5 
MODE 126 20 31 e 40 2 20 

S ay a 90-3 715-3 “15.8 Wo olaoee 
Q.25 75 21 20 4 6 2 20 
0.75 160 49 45 33 40 6 V2 
MIN 45 20 5 A 1 2 15 
MAX 615 75 75 33 42 10 270 
RATE (LIFTS/HOUR) 

SHAT GY. 6G DD DDG FF FFG CLF 
AVG) 3a 7.10 OS A 2 4S coe 
Q.5 30 9 12 Ve YG 1s 26.5 
MODE 29 4.9 9.1 6 8.6 30 26.2 
S 16 3.5 8 21.9. Vig 10. cece 
@525 ) 19 rn 5.8 6 5 eeo 25 
Ge75 22 9.5 18 15 23.3. 650 28 
MIN 3. au 25 a en: 2 6 2} 
MAX 56.4 11.4 26.5 15 60 30 37 
SSZ 19 9 9 3 11 7 8 
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FE. VERTREP AMMUNITION TRANSFERS GREATER THAN 2000 YARDS 


LIFTS 

STAT CV GG DD DDG FF FFG CLF 
ome i7.2 3.6 £4 3.8 i 
Q.5 12 3 4 4 9 
MODE 11 3 4 5 3 

S m5 862.7 0 aS Die 
oes) «(1 B 4 3 3 
O75 @=séd‘é 5 4 5 19 
MIN 8 1 4 2 1 
MAX 39 9 4 5 54 
TIME (MINUTES) 

pasa) «CV Ge DD DDG FF FFG CLF 
ave er Al WAG 31.3 39.8 
m5)|«(O57 20 14 32.5 33 
MODE 30 20 14 45 30 

S B28 73,1 0 Dams ealet 
Q.25 30 20 14 10 30 
ows) 70 32 14 45 34 
MIN 15 6 14 4 25 
MAX 98 212 14 64 77 
RATE (LIFTS/HOUR) 
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ee 24.3 8.5 17.1 14.5 20s 
mee 23.8 9 ie jay 15.9 
MODE 9.4 9 iad 6.7 7.2 
S 16.5 5.8 O 15.7 es 
oO) i a: Wed C Io 
os 32 Seca 7.1 18 34.5 
MIN eee 257. 1 4.7 2 
MAX 48 20 7a 45 42.1 
SSZ 5 7 1 0 6 0 5 
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F. VERTREP STORES TRANSFERS LESS THAN 2000 YARDS 
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G. VERTREP STORES TRANSFERS GREATER THAN 2000 YARDS 


LIFTS 

STAT CV CG DD DDG FE BEG CLF 
AVG 34.7 2 6 eo So 4.7 ee D4 
Oy5 22 Z 3 2 2 3 &. 
MODE 8 1 I 2 il 1 1 

5 38 8.9 OFF 3.4 Di 3.) ome 
@r25 10 1 die 1 1 1 2 
a7 5 41 > 6.5 D 26 5 PY 
MIN 1 1 1 1 1 1 1 
MAX 158 53 25 20 6 132 IS) 
ome CMINUTES ) 

STAT CV CG DD DDG EE FRG CLF 
AVG 2 7 Sood 45.0 Sse) Joe DS2e@ 46.3 
a> 85 Ze a2. 5 20 20 38 25 
MODE 70 20 10 20 20 10 iS 
S 2. > 33.0 48.7 47.2 2 Fi 62.0 1 6 
Qe 25 46 1 PSS 1S 15 18 15 
Weyo 190 57 u925 30 a2 66 ao 
MIN 3 3 > Zz 5 a 5 
MAX 486 252 oe 15 141 305 BO 
RATES (LIFTS/HOUR) 

STAT CV CG DD DDG EF: FFG CLF 
AVG on 7 2.0 Jal 8.0 9.9 6.0 Zc 
Os ie. 3 6 6 6 6 4.3 eee 
MODE 18 6 2.4 6 6 216 “ 

S 3.4 93.2 7.4 8.4 8.4 eco Tia 
O25 Bee 3 é. Do - 3.4 . 
Ge 75 ZS Lis 2 9 Te 8. 6 Pel 
MIN 0 e 2.4 2 Z 2 Z 
MAX op. 60 Sg 60 44 13.5 60 
SSZ ie 130 36 De 107 De Pit 
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APPENDIX C. TOTAL TIME UNREP STATISTICS 


A. TOTAL TIME REFUELING STATISTICS 
Amount of Fuel Transferred (Mbbl) per UNREP 


STAT AXB CV AXL CG DD DDG FF FF 
AVG 27.7 iZo7 Bae Za5 Zoe. ae 3 abe 
QF5 Zon 5 iis 29 2.4 1.9 le ez 1G 
MODE 14.8 10.3 oo 2.4 10 i? tl ia 
S 15e5 Die Wa 132 ee 0.7 0.6 O; 
MIN Se 2.8 Ot O23 Or! Oa? Oi Ge 
MAX 64.3 29.8 9.8 Pe 5.9 3.9 3.9 3: 
OF 25 Go 8.4 as 16 1 eZ 0.9 0. 
O75 355.5 162 4.3 Sal 228 2a ie7 i 
Total Time for Refueling UNREPs in Minutes 

AVG 228 140 Ti2 67 7A a ae, 61 
QO» 224 Ton 98 60 63 ao oo 56 
MODE 130 114 94 49 eS 46 38 a7 
S 102 48 52 33 30 23 Zo 27 
MIN 83 43 40 eg LS 25 15 11 
MAX 776 255 299 173 es 176 70 156 
O25 62 110 84 49 ae 43 43 44 
aS 257 167 126 76 81 65 67 69 
Summary Percentages of Controlling Variables 

DANT .83 54 on 78 Se Og 78 . 66 
Plt ye eg m08 30 6 ~45 on 46 44 
SPAT. 207 sd. . 18 ao) oe oo 16 nog 
Average Number of Transfer Stations Used Per UNREP 

STA 2u5 2.6 1.4 1.8 126 he? ze le Al 
Percentage of UNREPs with simultaneous Fueling and CONREP 
F&C ee 24 “= ~S 20 14 . 08 ac 
Average Rig/Unrig Time and Standard Deviation in Minutes 
MEAN 18 23 18 i 11 13 11 13 
ST DEV 7 13 8 5 5 6 5 6 
Sample Size for Analysis 

SSZ 67 Ze] 156 349 460 322 635 273 
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Q@) 


OD Ne ee 


B. TOTAL TIME CONREP STATISTICS 
Total Number of Lifts per UNREP 


STAT CV CG DD DDG FF FEG CLF 


AVG 84 14 14 14 hl 9 34 
@.5 60 7 9 10 7 6 uy 
MODE Zo 5 3 3 Z 5 12 
S 68 16 13 11 1 11 44 
MIN 1 1 1 1 1 2 1 
MAX 341 85 67 58 2 61 260 
O25 36 > 4 5 4 3 8 
O75 106 Zu 21 1 14 al 41 


Total Time for CONREP in Minutes 


STAT CV CG DD DDG FF FFG CLF 
AVG 193 a7 98 of 95 85 128 
SD 181 83 85 iy 80 76 5 


MODE 186 67 55 57 47 80 12 
S) 7 48 Sy 47 43 46 V2 
MIN 70 28 ZS 27 20 a2 42 
MAX 429 288 284 300 246 259 497 
Q. 25 37 67 og jo 0 48 84 


Q.75 Zo 1 103 124 115 120 102 144 


Summary Percentages of Controlling Factors 


DANT 54 phe 7oo woz eT . 83 . 86 
MULT .43 a6 - 40 34 . 46 so3 mes 
eee 6€6Clw 1S 305 OS ed a3 24 2 
AMO wed ae 2 6 14 76 -05 14 


Average Number of Stations Used Per UNREP 

STA 6 i 120 a0 LO ae oe 
Sample Sizes for Analysis 

S82 169 124 al 113 LOZ 5S 149 


Summary Statistics for CONREP Ammunition Rig/Unrig Times 


AVG Zo ih 24 
SeDEV 11 2 10 
SSZ 34 27 Me 
Summary Statistics for 
AVG os 22 i 
os. DEV 13 elt 7 
SSZ 5 95 102 


24 19 24 Z3 

2 9 4 2 

16 17 5 28 
CONREP Stores Rig/Unrig Time 

ks, i 18 ii 

10 10 8 2 

oy 85 55 172 
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APPENDIX D. REGRESSION MODEL COEFFICIENTS 


The several regression models computed have been combined into a smaller set of 
models. The following tables represent the observed coefficient values, and qualitative 
statistics of each receiving ship class model. The combined model coefficients fall within 
the 95% confidence intervals of the regressions coefficients listed for each seaparate ship 
class model. 

UL is the upper confidence bound LL is the lower confidence bound, EST is the 
mean value, and T-VAL is the calculated ¢ statistic of the regression coefficient. R2 is 
the R? value of the full model. SE is the computed standard error of the model. In the 
single station models standard error is in minutes and in the total time models the 
standard error must be considered in terms of the log log transformation of the observed 


data. SSZ 1s the sample size of the model. 
A. SINGLE STATION SIMPLE LINEAR REGRESSION COEFFICIENTS 


SINGLE STATION SIMPLE LINEAR REGRESSION 


REFUELING MODEL COEFFICIENTS 


BETA 0 BETA 1 
RCVR L EST UL LL EST UL R2 SE SSZ 
CV iio 29. Us, Sicwos 15.69) Wb, VGmet Gees .635° 20,3004 
CG ee POG ees 16.052 27280) 19054 G1 " 135234 562 
DD 60 (ibyGO- Tags 15, 0G eG. 7 > aelo er 239 #16504 717 
DDG eed Dio Tee T6.0C MIO. 2imezcO. 55 f° GLO l-) sor 


PEG 20S 92509 hls 15; 88° 17.62> 19.76 , 35 LS. CORR 
CVJIP5 16.99 22.248 27 2c 13.60 14.74 15.88 +69 ~20.225gee 
AXBIP5S 30,00 55.1275 7en21 8. 025 10752 13, 08 430 > lee ot 


L 
7 
7 
8 
5 
PE Oro 8.40 10.43 13.61 > Ge - 37. 20, 20 Ge7 
7 
6 
0 
SMLJP5 5.96. 12e'6 Tess 0.07 O09 Ome ~2/ i709 30. 
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SINGLE STATION SIMPLE LINEAR REGRESSION 


CONREP AMMUNITION COEFFICIENTS 


KCVR LL 
CV 26 
CG 7 
DD Be 
DDG 8. 
Er ae 
eG 

CLF Z2. 


7 
5 
5 


9 


EST 
Se 
42. 
Le 
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22 
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SINGLE STATION SIMPLE LINEAR REGRESSION 


CONREP STORES COEFFICIENTS 


RCVR LL 
CV 28 
CG PZ. 
DD eZ 
DDG eo. 
er el. 
EG Z. 
CLF ZS. 


“srs & Une po 


Eno 
41 
7 
1G: 
15: 
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54 
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R2 
. 60 
eg 
50 
me 
0.0 


520 


R2 

noG 
wi 
S71 
on 
7 0 
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SE 
62 
43 
13 
20 
28 


ee 


SE 
48 
15 
al 
22 
iG 
20 
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SSZ 
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2 
Ibe, 
16 
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SSZ 
135 
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oy, 
85 
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B. TOTAL TIME REFUELING COEFFICIENTS AND CONFIDENCE 
INTERVALS 


MULTIPLE REGRESSION COEFFICIENT TABLE FOR TOTAL UNREP REFUELING MODELS 
THE RECOMMENDED MODELS IN THE TEXT ARE WITHIN THE 95% CONFIDENCE INTERVALS Of THE TASLE 
BETA 0 AD ADE AOR DANT MULT STAT CONREP JPS FSTA2 FSTAG DORJ FUEL R2 SE $S2 


UL 3.76 =.lé 25 06 0 - 6) 
Cv EST 3.55 -.25 014 =-.21 =.09 -§$3 .469 23 131 
LiL 3.35 -.37 +O} oe=eao —ale 246 
T VAL 34.1 -3.8 2.6 -2.8 -1.8 13.0 
UL 4.10 44 =.08 -.03 11 19 025 -.03 242 
CG Esi 3.59 230 -.17 -.11 05 -09 15 -.13 -35 .35 se? 293 
Lt 3.87 ee mae -.18 =-.02 0 -05 =iiae eee 
T VAL 65.7 4.3 -3.7 ~<. 1.4 1.9 <.9 Lee $.2 
UL 4.13 -16 -.05 225 -.05 - 38 
DD EST 4.07 08 <-.1)] 15 = eran e351 .26 227 352 
LL 3.99 201 ele -07 -.18 25 
T VAL 99.0 <«-3 -3.6 3.7 =3.5 9.1 
UL 4.02 -.16 7 - 39 =-.10 244 
DDG EST 3.96 =o 09 a7 -.19 -36 124 -31 308 
LL 3.86 —.46G 0 -16 =ee sen 
T VAL 115.0 -4.3 oe] 4.5 -G4.4 8.1 
UL 3.95 si9 -.03 -11 .38 =o -48 
FF EST 3.91 10 -.03 - 05 -31 -.19 463 .G3 224 543 
LL 3.86 01 aides 0 <3 -.24 38 
T VAL 175 fee -3.5 1.8 8.0 -6.7 16 
Vis ae a -18 59 51 
FFG EST 3.49 08 47 -43 .G7 225 232 
tL 3.85 0 oo 36 
T VAL 207 1.9 7.6 11.3 
FSTA] 
UL 3.92 34 -65 
AX8 EST 3.50 16 -57 .78 -18 68 
LG Svcs =aoe 49 
T VAC 25.9 1.8 14.3 
UL 4.38 - 36 -.14 «46 
AXL EST 4.2 -18 -.26 38 43 26 144 
LL 4.2 0 -.35 «30 
T VAL 96.0 1.9 -4.9 9.6 
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C. TOTAL TIME CONREP COEFFICIENTS AND CONFIDENCE INTERVALS 


MULTIPLE REGRESSION COEFFICIENT TASLE FOR TOTAL UNFEP CONVENTIONAL REPLENISHMENT MODELS 
THE RECOMMENDED MODELS IN THE TEXT ARE WITHIN THE 95% CONFIDENCE INTERVALS OF THE TABLE 
BETA 0 AE AO AOE AOR TAO DANT MULT STAT FUEL AMO CSTAC LIFT Re oc $$2 


UL 4.4) wie ee 
CV EST 4.09 06 +ee 23 »351 939 
LL 3.78 0 -16 
T VAL 26.0 2.1 6.6 
UL 3.97 204 -67 037 
CG EST 3.77 ~.23 48 °30 .46 ~35 94 
io « 57 -.49 30 see 
T VAL -1I.? $.2 7.9 
UL 4.38 ~.cIl -.03 ~-.05 ~-.02 254 - 36 
DD EST 4.02 4a —sen =«ce 0 —.2c 234 ccf = =o ST 36 92 
LL 3.67 -.68 =-.53 <=-.82 <-.42e 14 -18 
T VAL 22 “3.8 -1.7 “2.4 2.2 3.3 6.0 
Ue sle -40 — 244 0 54 246 
DDG EST 3.5! 24 -.64 = vol 38 -36 .60 3] Ile 
LL 3.2 07 -.84 -.446 2 -29 
T VAL 36.2 <.8 =6.2 =)5 4.5 10.0 
UL 4.18 -.11] -.02 224 oof 
FF EST 3.96 = war =o. eT -31 .58 -30 96 
LL 3.74 - .43 ~.346 ~-.02 226 
T VAL 36.0 -2.4 “2.5 1.7? 9.4 
UL 3.85 58 45 
FFG eat 5.5. 36 32 
it 3.20 215 18 
T VAL 22. 3.4 4.7 
UL 4.3 49 26 56 23 
AXL EST 4.11 : 18 Se -16 .32 - 36 71 
Lt 2.86 02 0 09 09 
T VAL 32.6 eis 1.9 2.8 4.7 
UL 4.25 56 28 
AXB Eay 3.96 ao «h9 a? 40 71 
LL 3.62 0: -11 
T VAL 24.8 ose. 4.4 
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APPENDIX E. FECOMMENDED UNREP TOTAL TIME MODELS 


A. TRANSFER TO AIRCRAFT CARRIERS 
1. When DFM or JPS is the controlling factor. 


TTIME = 0 (3554-137 FSTA2~.206 FS TA4— 089) P5-+.530( In( max(DFM JPS)))) 


2. When CONREP ammunition or stores is the controlling factor. 


TTT E a olf 09t 2UInLIFN) 


B. TRANSFER TO CG’S AND SPRUANCE CLASS DD’S 
1. When DFM is the controlling factor. 


TT INE - goes NT+.10S TA T—.12FSTA2+.15CONREP+.34(in DF M)) 


2. When CONREP ammunition or stores is the controlling factor. 


TIME = 06 95- SDANT+30FAS+.30(INLIFT)) 


C. TRANSFERS TO DDG, FF OR FFG 
1. When DFM is the controlling factor. 


TIME = 08-907 OT DANT+.1OSTA T=.20FSTA2+.35CONREP+ 43(InDF M)) 


2. When CONREP ammunition or stores is the controlling factor. 


TTIME wx elt: 0-1 SDANT+.20FAS+.35(InLIFT)) 
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D. TRANSFERS TO CLF SHIPS 
1. AO, AOE, AOR or TAO consol refueling 


Te 1 VE a 00297: 23FSTA2+.38( In( max(DF M,JP5)))) 
2. AE, AFS when DFM is the controlling factor. 
Ty iM E = 0(3-50+.57( In(DFM))) 


3. Any CLF when CONREP ammunition or stores is the controlling factor. 


» 


TTIME = (405+: 18FUEL+.324 MO+.11(InLIFT)) 


E. TRANSFERS FROM AE/AFS TO SMALL COMBATANTS (CONTROLLED 
BY DFM). 


TTIME = 0032+ 234 FS+.414MO+.312(InDFM)) 


63 


LIST OF REFERENCES 


COMNAVSURFPACINST 3180.2E, Pacific Fleet Replenishment Guide, 17 Sep 
1986. 


Waddington, C. H., O. R. in World War II Operational Research Against the U- 
Boat Paul Eleck (Scientific Books), London, 1973. 


Naval Warfare Publication-11E Naval Operational Planning, Naval War College 
Draft, Aug 1986. 


OPNAVINST 4000.85 Navy Logistics System, 16 Sep 1986. 


Chase, R. B. and Aquilano, N. J., Production and Operation Management, Richard 
D. Invin Inc, Homewood, IL, 1988. 


Miller, M. O., Hammet. J. W. and Murphy, T., “The Development of the U. S. 
Navy Underway Replenishment Fleet,” Paper presented to The Societv of Naval 
Architects and Marine Engineers, New York, 11-14 Nov 1987. 


Hoof, W., “Design of Fast Combat Support Ship AOE-1,” U. S. BUSHIPS Jour- 
nal, Jun 1959. 


Disher, R. C. “Future Concepts of Mobile Logisitics Support,” U. S. Naval Insti- 


tute Proceedings, Jun 1959. 


Mathematical Analysis and Digital Computer Program for Simulation of the Under- 
way Replenishment-At-Sea Fueling Rig System. Commander Naval Ship Systems 
Engineering Station Philadelphia, PA, Report Number NAVSECPHILADIV 
FT-3195, Jan 1974. 


10. 


LE: 


VE 


is. 


14. 


Be 


18. 


Transfer Model--Replenishment at Sea: Description of Transfer Model. Director 
Office of Naval Research, 800 N. Quincy St., Arlington, VA, Report Number 
NWRC,LSR RM-26, Mar 64. 


Interview between John Hammet, Deputy Department Manager, Underway Re- 
plenishment Group, NSWSES, Port Hueneme, CA, and the author 19 Jul 1988. 


Naval Warfare Publication-14C, Replenishment at Sea, Oct 1985. 


Interview between Mr. Don Woods, Combatant Ship Division Supervisor, Under- 
wav Replenishment Group, NSWSES, Port Hueneme, CA, and the author 3 Aug 
1988. 


Hilt, J. W. LCDR USN, An Approximate Analytical Model for Application to the 
Operation of Intraship Transfer of Material at Sea. (Master's Thesis in Operations 
Research) Naval Postgraduate School, Monterev, CA, Oct 1969. 


Interview between Ralph Nebiker CDR USN (Ret), Senior Analyst PACER Svys- 
tems Inc., Tactical Training Group Pacific, San Diego, CA and the author 17 Mav 
1988. 


Interview between Mr. J. Franklin, Scenario Analvst, Wargaming Lab Naval Post- 


graduate School, Monterey, CA, and the author 16 May 1988. 


Hereford, L., Bartle Force Operations Model, The Johns Hopkins University Apphed 
Physics Laboratory, Laurel, MD, 1987. 


Spiegel R. F., The Johns Hopkins University Applied Physics Laboratory, letter 
(Ser Nr NAP-88-013 ZQIC) to LT Steve Barnaby, Naval Post Graduate School, 


Monterey, CA, 9 Jun 1988. 


Mitchell, M., CDR USN SC, PROLOG Players Manual, Naval Postgraduate 
School, Monterey, CA, Feb 1987. 


65 


Ia 


Le 


Pa 


Branting, D., User's Guide to the Replenishment at Sea Model, Center for Naval 
Analvses, Dec 1986. 


Barnaby, S. LT USN, Analytical Evaluation of Methods of UNREP Using BFORM, 
(Master’s Thesis in Operations Research), Naval Postgraduate School, Monterey, 
CA, Unpublished Notes During Research, Aug 88. 


Jane's Fighting Ships 1987-88, Jane’s Publishing Company, 4th Floor 115 Fifth 
Avenue, New York, 1988. 


DeGroot, M. H., Probability and Statistics Addison-Wesley Publishing Company, 
Reading, MA, 1986. 


Draper, N. R. and Smith, H., Applied Regression Analysis John Wiley & Sons, New 
York, 198]. 


Kleinbaum, D. G., Kupper. L. L., and Muller, K. E., Applied Regression Analysis 
and Other Multivariable Methods, PWS-Kent Publishing Company, Boston, MA, 
1988. 


Stein, D. M., van der Hoeven, W. and Welch, P. D., Regression Analysis in 
GRAFSTAT, IBM Research, Yorktown Heights, NY, Sep 1987. 


Hooper, E. B. RADM USN (Ret), Mobility, Support, Endurance; A Story of Naval 


Operational Logistics in the Vietnam War 1965-1968, Naval History Division, De- 
partment of the Navy, 1972. 


66 


tad 


INITIAL DISTRIBUTION LIST 
No. Copies 


Defense Technical Information Center Va 
Cameron Station 
Alexandria, VA 22304-6145 


Library, Code 0142 2 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Defense Logistics Studies Information Exchange 2 
L. S. Army Logistics Management Center 
Fort Lee, VA 23801-6043 


Commanding Officer l 
Naval Ships Weapons Svstems Engineering Station 

Code 400 

Port Hueneme, CA 93040 


Dr. David Schradv, Code 55SO 2 
Naval Postgraduate School 
Monterey, CA 93943-5002 


CAPT W. P. Hughes. Jr.. USN (Ret.). CodeS5HI ] 
Department of Operations Research 

Naval Postgraduate School 

Monterey, CA 93943 


Dr. Laura D. Johnson, Code 53Jo ] 
Department of Operations Research 

Naval Postgraduate School 

wionterev, CA 939-45 


LT Timothy Conlev 5 
Department Head School Class 106 

Surface Warfare Officers School Command 

Newport, RI 02481 


67 











the YF? 

















wwe 















— ee et 
tated te Ee) 

= hse petinetned athe kT hd Red ee & ter 
incite ete ee te Ppt Ppp ee te Te re eRe tae oe fh, TA 
abel ng deel comune tne Me pdede ie Y Lor tre eae oot e mine tT 
Sica dpie ta Malham ae eet pS eee * & iirc ee 
wiemeinian anak ol, ae ot oo le tee aly FS 

nth-mitontleaaee Ue oe ee 


thee hts Le eee > 
fide eeeloeis ie, Std tee nmiptiber ult). 


hapten dS | emda 


= pea ee 
ern ee Le eo ee ate ert tT 
Sonam . 


UCU eee en 
Meter ws 1| | Wee] | | II} | 
an a rer oF " 3 lalntwsseeate are AP Tll 1} {| ria} | 
ate eee Nd * rr eT “ait fot.) | Hi} | |] | IH | 
adeiiabetadbul te te epider ey? mana TTT | {] | Waa 
aptalarte nine a tO ee Leetieehe Lee eT RRMA LAL to mremohign a a { HTT | aa} | 
oe yhoo TT aah tae eet Loa Sale ae ride a | 1 | | | || Ht I} 
maed pebheenpe mee TL ny teereeany Raph sot coat ec ett Prt Mae IE dE Ae 
Paap Pog oo a rey ete eack ch te TTT TY Plats ener ery i J i TIBI GEL) 
~aiheediad aaa hott er snbnhihdaek TTT Te iT 
Pelee a eT 


behera Ler wn 
Af 08 BOR, Coe pris Bg eetneabled hd ed aa “the A 
e ruben -eanbenes be alte A A 
prpleietumad pe Pe ree dee ee Sd Lee Nicteutemiea ae 
54095). OVS Samide 9 Send : 





wh bial cian ed ee ey hE 


Analysis of Pacific 











Piuke daa ee Lee oe eae) rr oe 





























































































































































































































































































































































































DUDLEY KNOX LIBRARY ; 
$1 CA a Snel 09 oh cts os . 
ig Meet ae ws 7 (Wane = es ; ; 
lnsippalmeeirnat att Me Arie sanaeee LT Wy enaen " Be ae Pt aaa ‘oer ‘ Pi 
Lhk ater laneeat a ea ener hdr ihastetoke 5 Pia ae WO PF 0knd 108, eat ANG 8-00 Ht Vugho we rs Meme ne pend al 2 
os doaanie nat NE: A si ally ne, dda La Ltt Ye re Pelee ee UP ier he eal Te acer ae i. rae Mahig. ‘ Hat Ae ‘3 ee 
brat tee ahaa de oe TT nee ee Le oa © E apelotk 1 Pehs+ et Wit ne ot c Pe ee te Eb i? a ro d 
peipiern>umee ate) i peapnatinl dr TT ae Pras eh a oe gael ci? yrs Maga 7 aks . 
ete nda we seeeraeade oe ent ATE PE senate eT te Re pe ee ar neg rT a ee re On 5 Fe js 
Cement ote Pyvpeiionbdans ae alae te Peer eeary ite tia nea TO ee] WOK yer abate t..e » ed be i Lo) a er) t ! 
Wd epepiairariead teers nS cern ter plight sas a ae ttt Speen Lee, Tia eter © X Rbobhs ee ‘ ‘ 7 “pers fj ’ 
Ptrngphaan) erate te am mee bebe teeee er heel T, An vrs ie tole = ST at J.o% 6 kr 2 0 1 r t . pe f 4 
Udder eS Lee te et ae VO seg Mik yap, er ae ry ee ee arta Yoat eae ry , 
Sica EF oe stage ppededied alt te amen ee wey me patie arr tee a La 9.0 & » 4» 
bivte-aabhsmpsuleaeedsi niet at hen taille TE -gieadietepocanuaenae | Lee wiutediehee oe eo ater? ‘ 1 of 
plea TT anand imac re OH Cane -) ' dca St ON ee eae A Poa are P : ni F 
pices adie ieee eee pitied : keachetipn ead a ee Smeg Th Lat Sea aes COATS ER pie A ? i atner f i : » 
pethaigantie latent TT Te Webbie abled eT bees eee Vadis leat el LT, UT Te Rae eee . : 
baby antends paetiaatg tiie et eit? he meant ty etn 8 ee ey TAY PO pear eS ey ee pe Peer ’ 
pte t tebe ad Ee ptitiett etl aes Te * ane pee eT Beyeey he, rE | ~h e le z ’ ‘ 
mpaipeenaansemeninatiate eee 5 ibipgiathandesah anlar Le on Ween 4 oP sts, hee: EE ated Te eT a Lay ae AS rer or) 
Losttinmmentdaad ot et ee sie eal i da ad td 'betege ruts a pet eae DPR white nt ot at _ ee A 
illdeter<pmaegbi ee a P hnaAldeessasuer hte re eae Ee ORT TTS ° or. ae A rT eee ay) 4. a ae 4 P 
idee atte SP AO OF, ot wi iad canes ed ee Ce Pid pe ee oe a 2 Nak Le oe a ri 4 
PreriasAargaheandagrantona ek Dee en eda en TS ae BSP 1 Tatnma! parager saa LRN > a <r) j] ne , 
inp ehrtigeaendendl op teeat ta bee Lobelia th tredbul td hy Pa) pant alah areata Pe pad sealed LL ta, She ot? 2 rT RF ny: 
bit piipdadaee ee ihe oo Oe bide ot a s a TT vs n Ar ie L p 
rapt mad eT ee ob tpeneaietedt ae Montetaet dike ro eee) 7 re * te nk ? 
ae ehad dal lh? detained nies toe Meo 4am i ee et ee eee p F) ; , 
Sea tel oelet ll tae Te Saal at aan ete ibniedtiedemmdond COTTE Te far er iets ie 
Liatee tL bsetutbediiteehte LNT Le to ee SPT yot er, so98 PAA Om 6 oH CT et ee ~ A ‘ id 9 | p ‘ 
b pales sirenanindcenratgel tree eT ees teat oP ee Tae y fe heuw aed Heh ore rr An ; = 4 a 
sett ee Pitta baakts Tatts dee eee uD ary yin Le ey a, te FiO oh grand eo 4 Pi “ + ee e ? 
Kaper errand 2, qthel ha. eee | dade re ie fat Mobi af et at ae 3 a ri i ' r P. Ft ¢ ! 
Chel TEC eet cw Yee eybldeada’ Lal te a ee ee ow se ya ‘ u 
Cae Meet oe eT Te eee rte eas a r Par x - ‘ , 
deeded eon 2 Lehto a a Ai Phat? © Fae OVO AiALE 8 this " ar ’ Ff A 
bien ITT Pe ee Ot aida a -aldett atk) ry or rk wir Pere Fem © Bye eresey oy - ; a Fs a 
edt ae apr ihuapeipaee eee ciara al ae ada at fe Mn ee ae ey yee e , er ea ‘“ FS ; of 
pela ah ae ed Sirhdeedee! ae eee | rhein at tte eee ad eat ee = eee ; ri ~ ere 
iPeabebahepabdiaenteded eee eee aes ay Nisiaihiec weed eas ite namte LC eC Ss S staWthegete 1 4 s ns j 
Se deka hediel ke eT Dh TL ey 9°. et pate ey ee aha nde ET ° Pee Pm | r . 
iter nabamepuainarieed eat te) vaaond Nagi Sanaa Fat ee ey eee Eb np 5 Pe o : Ae 4 5 ; - , 
Plea ed ae aula Pent Peed Sede ee ee vga wea 5 re ae a me, z ; i 7 
Pei adden stb dele- gh MAN Pee s rs , F r aL ee ae a 
ete DAO eile tc Cee mee Ht o td ro ee i 
si teenie Peet te | oe date, ‘aol: a A ob diay a ae aaa : 
sh eeten Pa ee OF ate ah bl dee UT ee ee ar PLR , Siete P ; 
C- Mruhedeens tones Vee ee Ste Le od so m ¢£ Ce RT ce " ' ry . ~ v 
Th. ote peer phneamadar to te a Te | elle oll TT Tey ed bed w ry aoe 2 
Se ond beet ined tel O°:0 heat a, et eT . - y , a iu ae 
5 ieeapedeuks) sate ah tk ad Petint gx eae ci re P Pi = s bd J ‘ D 
. ae  aeeededs ee Econ ; eda a SA Fire pgp ‘ 
oils Geet a taal od ead Te Kibet a YT 4A head oi $ P, re eee | nae 8 , 
iret “peers or ee ee Cade 168 BP ot ah peg tm ahs et rr on , A ; 
achat  eeente ee tran , latent adalah oe oer. 4 . + ra P 
ns > rien pipe el arti alrite gatas tity yt Pers i - st C 
hl eee ide ae | e eer . c Ay 
r at ry ow | tis 
H , ° 
i] ‘ ry aa » y 
ae , bf 
a Be im SSS 4 pC i a4 ; rT te rod ' 
Daty apt ei * Pe Te te : Py ties ' ane 
etek relate TT i ee H ’ 
ft uf Aneta af Bey Es oe A PF 
“goph oy a OC Oca ee 
wie * H 
b ' de | Ul b 
rT ' 
"st 
Pa) 7 
a J 
tiated Pa en , ’ ' aa) 2 
Paar ak ide ae ee is , oe 
CS ee eee 4ure P 4 . A i oi | ' 
nn nm | S M « a 
Paresh edingiastheas F r Hi 
Ce es f , : P ' y 
Cay 4 i’, ya * ' 
seule, 4 ; ‘ 
ra r 
' d a) ’ & r 
Cie Tn , Le 
Lg : D c y 
728 Pi dey ‘ : 1 : ‘ 
a F 4 
Tt . . s 
i . F) Pen 
f be ‘ ° 
or a? +, p i 
‘ 4 Pi Fi 4 a - 
cy . LJ 3 
Lee) . 
el ’ 
. 
" 2 7 1 
P x *, 
Hi 3 cae ey ~ . 
ee ee 7 ‘} F : 
—4 O 5 - - r oe 5 L 
~ eo che 'y P - = “, ; PI o 
dt a SL , ' . ; - Ay 
» ee tee ne” r yee oP i So D 
ad ¢ «4 tI an] bl . ss A S Ul 
‘ Bel ty e : P 
=f 
5 ee Toa - 
re mos . FP Ca ‘ 
o™ aot La 5 F 
= at ' 14 
os ohed, 
Py bd ihe L 
ris 4, D Cee ah * 
ene New Fe cek ry an 
eeu <i Fj a Y ‘ | 
a4 ? 
Marne Ate ble ee Pet ee ia ; 
CS: be Replica td rat atte i aa ik 
a a ot Ste puss: . s Oras | Lhe = 
TFpe sz eraee -tyiefesy ‘@ s baa 
BLT ere es Aes res od shee Snes ots 6 * 
a Re ee Ss Soo oF, ers i 
at teen ete 7 ry D poe os 
Pa ie no ™ : . vwe a ay 
‘ek C4 S ' re Pa a 
o> te Se N¢ bi | 
+ : Et A ‘ dh fe , er ‘| 
~ SS) ~ an 
al a tS eee)  e : aa ¢ sve : ry 
ketie, *2 . 1 ‘ a 
Ts ee ° LY as 
PN pee ay 5 ate bY Ee te at ' ‘ ra) A 
= pte i be hs es bette te * ‘ Lt a | ny 
; Ste te ee Raila itm bet ote ha tak eee é 
be. eh at Bar hee te oe. le | bd ey oy 
85 OL Be av on § PU, Machen leh lie Pa Leek TS | de ai " 
a Se et bX) ol OE) Swi varet Se came, & e+ Ferweeen y Sawn 1) . Md a Pr) of] c ‘ 
Met bth tht Pa) tebe teh, Uta eee eek) Lh eee | Mi) 7 Seat ‘ 
etl ae tee aes | liek oe) Ua ride seth ‘ : fe . x 
Vetere, tote ts oa nh betel Fite tn oa ed A Ree TY Steed Sy i S oa : 
ad add cheba i ee Re helt oh th he Se ted ath ha Oh hd wae Mrbda nS Ar Sa aed - ge i Pros A . Fy HR 
Lalande tet ‘a Sh tte te 1A Fe EOS Mh Fee ire SN PWC UN Sp wt 5 rae oe 4 
IVE Re mens Lake tae ht cab SRT tas Dos an re Ps We Cr el ie D a5 
La hetin tt tn tn et eee fom A a, Reuse dn il te ok te T°eR be <r b Or Oy ve ™ a 
= EPL Ome ie we retinal tn te te ee CPi te th 9 ee Te Rae: COON ae OO pet: : ie - 
Ve pinto Seen atin toy Sing Aber uale hs Co Phd Oh hte Se eres oH SER iene oa ae aree 2 : 
Les bee the be tat date to toe pth bette eld 1s <j be Aden tet TS hts Se aa Ra ma eC Pa hae ee A 
yaw y ee hal bt eh A eT) Tagen Oh tas ie 3 pe i LL ee | - 4 SSL a iene “ae 
S bib Modes eh bh seh Son Tike PLT biel ate Bet eT Pt avery Ot omy ers a ‘ N 3 ee 4 
r PE moms Tisbieieddehs > 13 ie) \ae hep Rit hol Sh a eT Cy Career EY mt P oy ‘ en . 
hepinbeid Lan freee ty ae ri tesee ss See ass rth th eo Erne ieee eae ’ a. ry eae H ‘ eS, 
Hoaertahdat at tanks toe eee PY eR aCe Lidebed tnt Mohn 81) Rnb telat te oth ohne eM i aia ie aa 
beets tip htt ate 84 ate a oe Peat phb CD Lat peibedbhath ho ie a) th hd SYS CST eee Sr at 34 Pd Merk 7 me , ae % 
piidtnclbstbe tices Rritbieh ce oie Bl ene opie Peck LE TT ee aaa Ted te arer Se tee, yc ate Paes ; * 
pment Lae LO tTY ete ee ey pbirtietede Libs thik tie \bTbdd i tanner A or oe aon yey e peta Tks! ae ac sol is sa I 2 ey or Cn 
Pett deed ot. tt ry FeSO PRM Kr seq A tye y Siete St beh, tts oe whe, ustedes yy sha Ta ks a ea iene iu Oo ee , F 
: RN 4 VAP. | Tee os Titer Pry ar Re a Aa 5 “4 P na " ity - s am ee ate ' A 
: taphe tthe tet Jae ie eat oe = — FA . Fy 
Nir hie Reds tlie ter eae Ws bade de tee one . oy Hopi i fe pa Ue i Os Fi + JL ae Pan Jl aS CE we 
belie hal) bbtei i te ch wee SP vr ery Pare A de a Te ee Pe ed rT oo " rt + i 
Kean) iidrtatiid ia. cut trent et est ee ee ane SPM OAM ye ven NE : id _ Ly 
pl odhbietam est et eee LF Pina PvE mor fy vam ee eens ee tl ons at fn " 2 i a ry . p 
ira bay, bv bechahecie hints ta si ach 7h te MO RPT So ene Ja CRE Pr Os ae) 
orale ban es Cwm, Rw ame x bth ia Le ts ee ae a ae , via Fo Ps x an 
xt la pete ton Nahe b Auth ed Pt RT) LE ae ' DR otay ea ve : 
eb ible ten eae h CMT TTY Lorre ean ese aon ee si Fax 
Ad Leth boli Abe ee lly ene ote ay “ = f P h : * rY 
peda A teat ad i ne te Mo Try A +k a : pe Neet . . " ae . he fp 
r 5 : “4 * 7 
> apne belee teen Oe tra | daeton 7 Se eerie aos PL Lary ae aes ae rh, eT, . F 
Sat neta e : plate Br byte tdin 4 be Te ee ee pe ad ILI CL as Oa a) 5 btu " % ¥ 
7. a tl he Cee A t 7 tele » U 
Pte epee tnt np Hbdteontei ah theta VE lete yn ty Pd or Saree adele roe ‘ ti Teen Str Auer a ee rm x ° 
leh ide te ear aN bhetdudtetadlntat te Miaius Ae tr ren p>itet acs at RE, feet t ar ‘ ; tate i 
caesar hl MiSbibth edd eg ert Trae Sahdh ohio Tae teeta Te bee te Late ered 3 OS. FO Feat a a ta ie in e , 
Liebe deptonte | Hep lel Tauice ol alee basis Foch ichondete tas bak 4 Yr ie tay nade) bebuhet oe Trey teat a a bb oe Le res aco tel al bi : ; "ee P 
Nate hivtihdn tots te tad Phar eel ich LRT Ty One hl Mh sed aa VeeouNery ite ns Ob en ary un cud ya Ma 
tie ced ied Makaha ak SO tai est bibhe oY bed db: bey he haan By vay ai as be Lee Se D ae sees io ; a He ‘ PR a 4) 
he rT i Tt us SiMe ad th ta ta Ba The he 4 ep ce : be | i ree 
epi hh Ninde “bt Ion Snob dbdid te bk oe ant Mito ada anual ea Tt ae LY an fete WG rab an Seep 4 pl he te on 
Bbetr oti Snide NA me ta) Siti Pee Te RIT Ane feb Peete “ap , pI eS ry Cee yt eng A 
Reidel des i) wy gr-dea hahaha aL et per sortrtend A ete Ae ta na fear eked arte) ATI de lh ae rege SR ; BL 
bb thtdhtined A habla td ta hth nee bees st 2 PRs or eek. eT te eae ae Fe ette tule bieraresey aly Pik ° ae” -e et J 
pleted tile ten Cette head ahd hos od be a +i eb. he i ke bbb ah as Rh eee ALI cath ae a ni 
Whbichebeoh te hd teak tn er bade nhs eee ry Rpfititn bes ta the ere Posh has Sit kre) ee r) wt Seen Thonn ‘ : i in) x 
tops ebtetd tlk tea eet ee bleh Seteked ta he ond beslistdah hoe hones Peon CE es Sa Paes gi ins a J mh NN a EL A ' A 
eee genet, ra ylont rane Rete ea ee ty oe ied adn ey Naan : ek 
with te hited 12 p20 19 Refried taal hg als oP STE Oe Dea aah a Ss reeled aie att ert Se ee : Sais 
tit lerdabdeaimnie be detten Sa eth teas pile tats UEP esa ak Sutinn . : Sh! ste - 2 , 
Iida otea eet ey oer TN Piste detract Ls he SPT er pla ty A ated te bl A OO a) See 
ath d ital debhbdilette te eee Tet Cr RP WRG? 2 ove ST ee Ot es . Ls ph a ® hey a a Car a] , 
wSbotin- DeAnna) bad eli Line Seer Re ee he iti Spt hl cake rarer ; pe hed os A / St ' an 5 
Seiten tect nie ita aren ere Sree ‘ _ a ae Pe 
IR SIU Maryn mE Lm tateom mn bab iel dla al ee Chee ah on re) etd). 1 WLS ee Tar we i - n 
Critter ath tot or eed Nad Sure: Ave terre Bree he Ea , 2 eee ; A : 
Sale bvie-Mtbmash idea noe ake a eet Whoren ier g “gy rey ce Cele ee cod Oh ot peek a eee ae - ba . be aT) we & 4 fl 
i levenieeth-ebocta tate hehe kek toate hae ie eetnde fn de Se ALT TN Peery Pat ett > ee an re OCT CSC ha ial F a 
tts tegse iy: ean MAN h RTT Oey ip Vsints eee CLL Mie Perey a c aioe et Oe a : . r f 
hte dene eho tad Tat tent a tt bbipralintstry BORA p yee ee ac) OE ie ear : ‘ 
Ap Apt Stabe he the pegs Pe re eh ee ee i ae ed Me ead as - ae TL Or v4 
iptd il ahe at) b A Mo dhe ok b Sea RR Uc eta Ltt A EAR wang $e s ao eet, el 
hoki te ee het hes ter hy ett EE ad bd: eke TY 1 nhs Rte i) 
D Metin toneah aa tig Rate Sheer rete ehitoth Mera oe AS Sree Bd at ey bes. Oh) tT rs 
hited tine Lheg wheket th by Ti ebysta teeters al aoaT APL shia oe tb da at ad bith hak ad PTT ide ‘ aaa i © ile TRE > : 9 
: bebe th A thge te ee ctl dile- ameter es bec ey eh , Sarr er 
NY ak A ad teeth ta aaea aah aa al lhe dis a ae ata ‘ : 
PON tte ts dede Che nan tee os ae) hel ideo ft aa ae Saree vie F 
Li S 4 : 
aa Ui eats ate tha Sa 
: ‘Ta eda tL ba a Be art 
dA hd ese ates rads RT ee COWL WD OO Vedreey a. 
irl fg ad a tert STEP Os fh Pe y Fi r 
Apher atta MIE i Petey Math areal ala San Te 4 
; edd i Serb ees beat ors) pa Bo er he dead \ % 
Shy like whidein dota tee aN Ti eT Sela lebod Dea oo HB 
atheros es Th rh feet rita ited Lae ae ha wea St ee : ed. Ly 
br ipltrtins Bae ster A NS gL RL Cates belie tie tah te de OE th Tee 
ete Calpe alice ea tie ba aaaata ce ST Beta di 
. Meee aie Diarra, rahi t Nie 2 ab 
fh terehie Mehta ad al here tet ete eA oe Tea eer 
hake cht hline a Srurets alter eles. auton 3 
WUTU IY Par tty: OWT wrt yee wie at eo 
ie Hi iat eRe Bg aL.) see Bes ei laten 
wy eee Le cols tt 
Sesihig A Mh ie aka Ritts aod ia ¥ 
Pentel hater —_ sae OY ed ait Ob Ad oA 
Land LAGindisaeil. Kolbe Loe 51 i Mba ALL ka tern fbi Cr ea eae ve ' 
pent ie a toda hee ge tl taes hen ap RES Art tend wat Stilt ig ae LE al 
bUvebida bck be kee te ete SPENT EY D748 VEN, SU a Twey Rie A aT are eet 
oma ke aN sintei dh aah epic SNe Teh RO St Pyrat th 
reek bhetee devil ciscl IAS tI or hag Med etl Dh ae Po Le? Casita nt Sere 
e5 Fa A prchene Kyl art tide Sk eh Raed Wats ees SY era 
4 beat get be Boe ee ore Mee Th Ta eres 
my Le te bi ox 2 4 bee 6 LL riage inte tal ape Pate eta a def ‘ 
Mobhot ais Co TL li te bean deg TY te ry cae® oy was on) oa : hl 
F | 3 a7) eddie heer ee La di E f Th) 
hibee tdi a0 ok peal pp Se tet ay To ON Ra he GE Gener ty ty re or yen ce toe wy wie ‘ F) 
sh ii TT i bee Ta y Ce at at a eee OREM IT De ES Dee et pe one ree ae’ & oP Ma ee ehh ri 
seach alee tater a4 y hada aay bi betpilan We Tan Las DSi fa ad lp pet ee dine Stele PLC LL le tL , 
te Aron heet © Wi Leer be at hai east Le Ales A Ryth ts Cot Mo hr Se ie es weer perce ea ’ 
BEI IN We? whe Ne taal LO artes A Mes Chat ath Tal ete ae Pk ee ¢ 
; AB igh Bid Katy aheetoe Jan ted d eas nad tae ty a rae ‘oer aaa 5 t ih. } 
aon bs et ; Pecit ea s i 
9 "AP umes y S * ee a . - ads a ty ' 
SALE re rat eee hr re eo al . A , 
Dyers mal & £40 b Tl Lar cet ae ote Toe ay oe | rt ° ; f 7 n t + e 
pi ChE Ah Mela Pek gt Uae are tone ae at f ‘ 
te has 1 ve bh M tabi he LPS ae » Gat ore eat py + fa - t i Fy 
Dar rcba erie eas a AP a Te Ty ATA eae Lee = 
: fhibag) eA aS re me ree PUT ga ete" 
SRL TAY 1 tok ben cae A ra D a 
SE je he ae fa Abd Sat ay hey * 
Ma ty dhe be eal Uf Hy ‘ - 
‘ 

















Fleet Underway Repie [i 2 


TO 


3 2768 000 80990 9 ; | 




















































my 
r 
‘ 
' 
o 
‘ 
i 
ry 
r ‘ rl 
‘ ' 
Cd 
f 
f 
¥ 
"6 
‘ 
n 
O 
n 
‘ 
n 
p A 
a 
y p 
5 n 
’ 
' u 
7 
n 
| A 
am 
a 
" s 5 
r 
n 
| t 
’ 2 
A 
p 
n 
' D 
& 
‘ 
U 
’ 
" ) 
i ' ‘ 
ms ' 
sm 
Sy 
‘ 
et 
n 
‘ 
+ | 
| 
. 
‘ 4 
‘ 
Le 
: 5 
i 
ca 4 
an 2 
% 
and 
1 
cr) 
{ 
n 
| b 
* A 
# Li 
: re 
UY 
Cs 
cr 
@ , 
" 
4 
LC 
J 
4 
5 ry 





> 


